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Controlling plant disease by genetic means can make a 
major contribution toward our feeding a himgry world. Resis­
tance and/or tolerance are the genetic means of controlling 
plant disease; therefore, I wanted to study these phenomena, 
and to do so epidemiologically. 
Good techniques for epidemiological studies have been de­
veloped for a number of diseases, including those developed at 
Iowa State University for crown rust of oats (Avena sativa L. ) 
caused by Puccini a coronata Cda. var. avenae Fraser & Led. to 
test multiline theory. I decided to use these techniques for 
an epidemiological evaluation of concepts of resistance and 
tolerance, using oat crown rust as a model. 
A confusing array of terms, including vertical resistance, 
horizontal resistance, partial resistance, moderate resistance, 
field resistance, slow rusting, specific resistance, and 
general resistance, is used to describe host plant resistance 
to disease. From my literature review and research results, 
I attempt to clarify some concepts of resistance, determine 
which terms seem synonymous, and learn what characteristics 
can be used to measure resistance economically and precisely. 
Tolerance also is used to describe a host plant's response 
to infection. The term has been used in many different ways 
in plant pathology literature, from the absence of symptoms to 
the presence of the same amount and kind of symptoms as those 
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found on a susceptible plant. According to Webster's dic­
tionary, tolerance is the ability to endure the effects of a 
drug or food or of a physiological insult without exhibiting 
the usual unfavorable effects. Because the concept of toler­
ance has something to do with endurance, it implies that some­
thing must undergo the same stress as something else but be 
able to withstand it better. In relation to plant diseases, 
a host can be defined as having "true tolerance" if it has a 
susceptible infection type and supports the same amount of the 
pathogen as another host, but is damaged significantly less 
by the pathogen (61). 
From the literature on tolerance of oats to crown rust, I 
concluded that some cultivars rated as tolerant actually had 
less rust than known susceptible cultivars even though the 
former had a susceptible infection type. Some characteristics 
of horizontal resistance to the rust fungi are the production 
of fewer pustules, smaller pustules, or fewer spores. Thus, 
although a cultivar has a susceptible infection type, it can 
be said to have some resistance. If a cultivar "A" has less 
rust on it, one would expect it to yield more relative to its 
rust-free check than another cultiver "B" with more rust 
relative to its check because the fungus would be using less 
of host A*s energy. Therefore, I undertook this research to 
determine epidemiclogically if so-called tolerant oat cultivars 
are really tolerant or if they yield better because they sup­
port less development of the pathogen. 
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Also, many researchers have sought techniques to select 
resistant or tolerant plants as young as possible for 
economy of research time and money. While such efforts have 
been partly successful, there never is a perfect correlation 
between greenhouse and field characters. Therefore, another 
purpose of my research was to determine if there is a correla­
tion between greenhouse and field characters in regard to oat 
crown rust so that perhaps plant pathologists and breeders 
can select desirable lines at an early generation in the 
greenhouse, preferably in the seedling stage. 
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REVIEW OF LITERATURE 
First I will define terms that deal with tolerance, re­
sistance, and susceptibility. Next I will discuss various 
methods used by different researchers to measure the amount of 
resistance in plants. This will be limited to local lesion 
diseases caused by fungi. Then I will give examples of what 
various researchers have called tolerance and evaluate them in 
light of the definition of "true tolerance". Finally I will 
describe some epidemiological techniques concerned with the 
mathematical aspects of epidemiology. 
Definitions 
Tolerance 
The term tolerance has been used in many ways. Caldwell 
et al. (8) stated that tolerance enables a susceptible plant to 
endure severe attack without sustaining severe losses in yield 
or quality. 
According to Schafer ($6), the concept of tolerance is 
based on equivalent severity of disease without equivalent 
damage or loss. Loss, therefore, is not a direct function of 
disease severity. Tolerance usually relates to diseases in 
which the classical expression of disease is on one plant part 
whereas the economic product is a different portion of the 
plant. The key factor is equivalence of disease on cultivars 
differing in resulting yield or quality reduction. Conversely, 
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differing levels of disease leading to similar yield or quality 
reductions imply tolerance in the cultivar with more disease. 
This suggests that tolerance is present whenever results 
between cultivars indicate an interaction between relative 
disease severity compared to yield or quality loss. 
In terms of oats and the oat crown rust fungus, Simons 
(61) defined "true tolerance" as "that condition in which tv/o 
oat varieties, exhibiting equal numbers of large uredia at any 
given time throughout the infection period, show significantly 
different quantitative responses to the infection." However, 
he considered this definition to be too restricted to be of 
much practical value. Therefore, he devised what he thought to 
be a more useful, even if less precise definition: 
For example, two varieties, both exhibiting appreciable 
numbers of large or moderately large uredia at some time 
during the growing season, can be considered. When one 
variety shows significantly smaller quantitative responses 
to crown rust infection than the other, it can be regarded 
as the more tolerant of the two. 
According to Browning et al. (5)» 
A host is defined as having tolerance if the signs and 
symptoms it manifests are visually similar to those of 
a susceptible cultivar, but it is damaged less by the 
infection. Conceptually, tolerance may be specific or 
general. 
Epidemiologically, "a population of host plants is defined as 
having tolerance if it is rated as susceptible visually, but 
is damaged less by the epidemic than another susceptible 
population" (5)« 
Robinson (52) gave two acceptable usages for tolerance. 
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one in terms of symptomless carriers and the other in terms of 
disease tolerance. In the first, hosts in which the pathogen, 
generally a virus, is able to multiply freely but in which no 
symptoms appear, are said to be tolerant. In the second, a 
cultivar that develops disease symptoms as severe as another 
host but that suffers less damage in terms of agricultural 
yield, is said to be tolerant to that disease. 
Tolerant plants are susceptible to infection and suscep­
tible to spread and colonization by the parasite, but they ex­
hibit tolerance of the parasite by overcoming the impact of the 
disease (44). Thus, tolerance accomplishes the same net re­
sult as active resistance mechanisms by lessening the conse­
quences of infection. 
In my section on Reports of Tolerance, my evaluation will 
be in terms of "true tolerance" which is similar to Schafer's 
(56) concept of tolerance and Simons' (6I) concept of "true 
tolerance". A cultivar can be defined as having "true toler­
ance" if it has a susceptible infection type and supports the 
same amount of the pathogen as another cultivar but has sig­
nificantly better yield and quality, or if it has the same 
yield and quality as another cultivar but supports signifi­
cantly more of the pathogen. 
Resistance 
Resistance and susceptibility represent a continuum of 
interactions on a single scale or spectrum (44). According to 
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Robinson (52), resistance can be described genetically, mecha­
nistically, or epidemiologically. However, there is not neces­
sarily any relation between the manner in which resistance is 
inherited and the manner in which it operates. Nor is there 
necessarily any relation between the manner in which resistance 
operates and its epidemiological consequences. 
Horizontal resistance (HR) or race nonspecific resistance 
is characterized by the absence of a differential interaction 
between genotypes of the host and genotypes of the pathogen 
although an analysis of variance may show significant differ­
ences among genotypes of the host and among genotypes of the 
pathogen (52, 74, 75)• It may involve many different resis­
tance mechanisms that may be either passive or active and that 
may be inherited either polygenically or oligogenieally, al­
though the former is more common. Typically, in late blight, 
HR is exhibited by quantitative reductions in the rates of in­
fection, incubation, and reproduction that, collectively, lead 
to slowing down the epidemic. This is the epidemiological 
characteristic of HR. 
Vertical resistance (VR) or race specific resistance is 
proved by an analysis of variance in which there is a signifi­
cant differential interaction between genotypes of the host 
and genotypes of the pathogen (52, 74, 75). VR is generally 
(but not necessarily) inherited by means of major genes. It 
often (but not invariably) produces a qualitative presence or 
absence effect in that it operates completely or not at all. 
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Because VR does not necessarily provide complete protection, 
even against nonmatching vertical genotypes of the pathogen, 
differences of VR may be quantitative and can be confused with 
HR except that a differential interaction will be detected. 
The epidemiological characteristic of VR is an apparent reduc­
tion in the initial inoculum; as a result, onset of the 
epidemic is delayed. 
Since there are so many exceptions to the apparent corre­
lation between the type of genetic resistance and its epidemio­
logical consequences, Browning et al. (5) proposed separate 
terms for genetic and epidemiologic concepts of resistance. 
For genetic concepts of resistance they suggest retaining the 
terms "specific resistance" and "general resistance". They 
define a host "as having specific resistance or susceptibility 
if there is a differential interaction among genotypes of the 
host and genotypes of the pathogen," and "as having general 
resistance or susceptibility if there is no known differential 
interaction among genotypes of the host and genotypes of the 
pathogen." 
For epidemiologic concepts of resistance they proposed 
two new terms, "discriminatory resistance" and "dilatory re­
sistance". Discriminatory means "to distinguish and treat 
differently" while dilatory means "to delay". Thus, 
A population of host plants is defined as having dis­
criminatory resistance or susceptibility if it affects 
the epidemic by discriminating among straiins, i.e., by 
favoring or rejecting certain components of the patho­
gen population. A population of host plants is defined 
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as having dilatory resistance if it affects the epidemic 
by reducing the rate of development of the pathogen 
population. 
Discriminatory resistance reduces the amount of effective 
incoming inoculum by recognizing pathogen genotypes with which 
it is incompatible and discriminating selectively against them 
without reducing the rate of increase (r) of other components 
of the pathogen population. Dilatory resistance acts mainly 
by reducing r, which cumulatively delays the onset of the 
epidemic, decreases the resultant amount of disease, and de­
creases the amount of outgoing inoculum (5). 
Robinson (52) also commented on the terms qualitative re­
sistance, quantitative resistance, adult or mature plant re­
sistance, and field resistance. Qualitative resistance is 
not a synonym for VR nor is quantitative resistance a synonym 
for HR. Adult or mature plant resistance is resistance that 
manifests itself in mature plants but not in seedlings and is 
not a synonym for HR. Field resistance is any resistance that 
influences the epidemic in the field but that is not immedi­
ately apparent in the laboratory, greenhouse, or breeder's 
plot. 
Parlevliet and van Ommeren (50) used the terms seedling 
resistance, adult plant resistance, and partial resistance in 
their rust work. They characterized seedling resistance by a 
resistance reaction (type 0 to 2) in all stages of plant 
growth; adult plant resistance by a susceptible reaction 
(type 3 to 4) in the seedling stags and a resistant reaction 
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in the adult stage; and "partial resistance" by a susceptible 
reaction in all growth stages (my emphasis). But for partial 
resistance, the infection frequency, latent period, rate of 
spore production, and period of spore production may vary. 
In another paper, Parlevliet (49) defined seedling resis­
tance as 0 to 1 in all growth stages, intermediate resistance 
as 2 to 3 in all growth stages, adult plant resistance as 4 
to 4 in seedling and resistant in adult, and partial resis­
tance as 4 in seedlings and 3 to 4 in adult. 
In her work with potato late blight, Guzman (20) equated 
partial resistance with minor gene resistance, tolerance, and 
field resistance. She said that even though clones with par­
tial resistance become infected, damage to individual plants 
may be only light or moderate and the fungus may spread rela­
tively slowly in the field. 
For oat crown rust, Luke et al. (37) defined the terms 
"late rusting" and "slow rusting". 
A late rusting cultivar is one that exhibits crown rust 
symptoms 10-14 days later than susceptible cultivars. 
When symptoms develop, late rusting cultivars exhibit a 
susceptible reaction (my emphasis). A slow rusting 
cultivar is one on which the percentage of crown rust 
infection increases more slowly than it does on a sus­
ceptible cultivar. 
Other researchers also have used the term slow rusting for 
other rusts, and Shaner (60) used "slow mildewing" in a similar 
way. 
In the remainder of my literature review, I will use the 
new term dilatory resistance in an attempt to have a uniform 
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terminology if it seems to describe the type of resistance 
studied by a given author. In that case I will generally 
follow it parenthetically with the term used by the particular 
author. 
Measures of Resistance 
The level of resistance expressed by a given host geno­
type in the field is generally a summation of delayed anchor 
reduced entry into the host, limited growth after invasion, 
and delayed and/or reduced sporulation (9). It is likely that 
different cultivars owe a given level of resistance to differ­
ent mechanisms. 
Symptomatology 
Resistance can affect lesion type or lesion number (25). 
It is obvious that if a cultivar has a resistant infection 
type, the cultivar is resistant. In many other instances, 
however, cultivars can be said to have some resistance even 
though they have a susceptible infection type if they support 
less pathogen development. This would include such things as 
partial resistance (48, 4$, 50) and slow rusting (12, 32, 33» 
37. 68, 76). Other resistance terms that seem to refer more 
to the amount of infection rather than infection type are 
quantitative resistance (47), slow mildewing (60), moderate 
resistance (24), field resistance (20), and dilatory resis­
tance (5). 
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Rate of disease development in the field 
Dilatory resistance (slow rusting) implies a lessened 
rate of epidemic acceleration (39)• This effect could be the 
result of reduced pathogen multiplication and/or spre^i. Cul­
tivars with dilatory resistance (slow rusting) have a lower 
r value when compared to susceptible cultivars subjected to the 
same pathogen population under the same environmental condi­
tions. The concept of dilatory resistance (slow rusting) sug­
gests reduced disease either in time, in space, or both. 
MacKenzie (39) proposed the following experiment to identify 
wheat cultivars with dilatory resistance (slow rusting) to 
Puccinia graminis tritici. Wheat plants, heavily infected with 
stem rust race composites, could be placed in the windward 
corner of relatively small (ça. 10 x 10 m) isolated plots. 
The diagonal (leeward) corner then could be checked peri­
odically for rust. The number of days required for the lee­
ward corner to reach a prespecified level of infection could 
be taken as a dilatory resistance (slow rusting) index. 
In a field study on dilatory resistance to P. coronata. 
late maturing oat cultivars (e.g., Red Rustproof-1^) exhibited 
late rusting and slow rusting, intermediate maturing cultivars 
(e.g., Burt) exhibited distinct slow rusting and some late 
rusting, but early maturing cultivars (e.g., Fulghum) did not 
exhibit either characteristic (37). '"hen rust infection was 
not severe, late maturing cultivars did not exhibit crown rust 
symptoms. Slow rusting cultivars usually exhibited a lower 
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percentage of infection than susceptible cultivars throughout 
the growing season. When environmental conditions were not 
favorable for crown rust development, the intermediate matur­
ing cultivars reacted like slow rusting cultivars. The slow 
rusting and late rusting of Red Rustproof-l4 have been stable 
for more than 20 years. A high heritability and control by a 
small number of genes, showing slight partial dominance for 
susceptibility, have been estimated (38). 
In other work with P. coronata, when the oat cultivar 
Portage was grown near buckthorn bushes and exposed to an 
abundance of aecial inoculum, it consistently remained moder­
ately resistant (24). Also, Heagle (23) found that in field 
plots, crown rust failed to spread rapidly or reach epidemic 
proportions in any of the moderately resistant cultivars 
(including Portage), but did so in each of the susceptible 
cultivars in each of three years of tests. Thus, Portage can 
be said to have slov rusting or dilatory resistance. 
In adult plant tests of barley with brown rust caused by 
P. hordei, Chamberlain et al. (10) divided barley cultivars 
into three categories: moderately resistant {6-2^fo infection), 
susceptible (26-50^), and very susceptible (51-10CÇ5). The 
very susceptible cultivars were usually those that became in­
fected first in field trials and small plot tests. The in­
fection built up very quickly and under favorable conditions 
soon reached epidemic proportions. In cultivars classed as 
susceptible, the rate of buildup was not as rapid. The 
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epidemic on the moderately resistant cultivars proceeded at a 
much slower rate and the eventual peak of infection was rarely 
as high as for the susceptible or very susceptible cultivars. 
These moderately resistant cultivars (and even those classed 
as susceptible) exhibited characteristics of dilatory resis­
tance or slow rusting. Field observations by Clifford (12) 
also resulted in the identification of barley genotypes 
that, although compatible with P. hordei. developed different 
levels of infection. 
Using hill plots, V.'ilcoxson et al. ( 7 7 )  calculated the 
rate of wheat stem rust development (r) and the area under the 
stem rust progress curve for each hill. Both varied signifi­
cantly with cultivars and can be used to select cultivars with 
dilatory resistance (slow rusting). Uredia that developed were 
characteristic of those on susceptible cultivars (76). 
Some Avena sterilis accessions displayed symptoms of dila­
tory resistance (slow rusting) to stem rust (68). This was 
manifested in lesser infectability of plants and slower dis­
ease development. Again, the uredia formed denoted suscep­
tible host reactions. 
Knox wheat, which is fully susceptible to Erysiphe 
graminis tritici in the seedling stage, has effective mature 
plant resistance (60). The rate of disease development was 
less on Knox, which caused differences in severity to increase 
with time. In the field, colonies of E. graminis on Knox were 
smaller, on the average, than those on susceptible cultivars. 
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Knox has been termed slow mildewing and can be said to have 
dilatory resistance. 
Amount of penetration 
Kany researchers have found that there was no significant 
difference in spore germination, germ tube growth, appressorial 
formation, and penetration between resistant and susceptible 
cultivars. These studies included P. coronata on oats (53, 54, 
65), P. graminis on barley and oats (59. 68), P. hordei on 
barley (12), P. helianthi on sunflower (66), and Helmintho-
sporium teres on barley (30). 
Some studies, however, have shown significant differences 
in the amount of penetration on different host species and cul­
tivars. For example, penetration by P. coronata and P. 
graminis avenae varied among Avena species and among oat culti­
vars, although susceptible-type pustules were produced on the 
hosts tested (32, 33)* Penetration on the oat cultivar Garry 
was significantly less than on the oat cultivars Algerian and 
Pulmark. Thus, reduced penetration frequency may be a mecha­
nism for dilatory resistance (slow rusting). 
In greenhouse studies with two isolates of P. coronata on 
seedling and penultimate leaves of Portage, a moderately re­
sistant oat cultivar, and Coachman, a susceptible cultivar. 
Portage had less penetration than Coachman in most tests (24). 
This may have accounted in part for the dilatory resistance 
(slower epidemic development) of crown rust on Portage in the 
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field. In another study, delayed and reduced penetration in 
the greenhouse were associated with dilatory resistance (par­
tial resistance) in potatoes to Phytophthora infestans in field 
tests (20). 
Umaerus (71), using potato leaf exudates, found that di­
rect germination of sporangia of P. infestans may be inhibited 
in exudates of the susceptible cultivar while a stimulus may 
promote indirect germination. In exudates of the resistant 
clone, the inhibition of direct germination and the stimulation 
of indirect germination were less pronounced. If these results 
are confirmed, it will emphasize the importance of preinfec-
tional factors as contributing to dilatory resistance (field 
resistance) to P. infestans. 
Rate and amount of hyphal growth 
Resistance has often been associated with a slower rate 
of hyphal growth. With P. gxaminis tritici. Ogle and Brown 
(^5) were able to distinguish three groups of wheat cultivars 
(resistant, intermediate, and susceptible) based on hyphal 
growth and the amount and proportion of necrotic tissue associ­
ated with colony development. The boundary between the inter­
mediate and susceptible groups was less distinct than that be­
tween the intermediate and resistant groups. They proposed a 
system with three reaction classes: resistant (0 and 0;), 
intermediate (1 or 1,2), and susceptible (3 or 3,4 or 4). 
Colony area as early as 48 hours after inoculation was related 
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to infection type in resistant and susceptible cultivars al­
though differences in colony area among cultivars were not 
significant until 72 hours after inoculation. By 120 hours 
after inoculation the largest areas of necrotic tissue were 
associated with the development of colonies in the cultivars 
whose resistance to colonization was intermediate. They sug­
gested that, if a two-reaction-class system is retained, the 
classes should be redefined; cultivars giving infection types 
0 or 0; to a certain strain should be classed as resistant to 
that strain while cultivars giving any other infection type 
show varying degrees of susceptibility. 
Field observations resulted in the identification of 
barley genotypes that, although compatible with P. hordei, 
developed different levels of infection (12). The histology 
of infection was studied in the resistant Vada and the sus­
ceptible Midas. The dilatory resistance of Vada first mani­
fested itself with the reduced and retarded development of 
primary infection hyphae from substomatal vesicles. Normal 
development was by bipolar primary infection hyphae in Midas, 
but as early as 48 hours after inoculation, significantly more 
Vada infections were limited to substomatal vesicles and 
monopolar primary infection hyphae. Hyphal colonies were 
smaller and took longer to develop on Vada. This probably 
contributed to the slower development of pustules on Vada 
in the field. 
In another study, growth of P. graminis tritici was 
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restricted in leaves of barley cultivars with a resistant 
infection type, but not in one with a susceptible infection 
type 96 hours after inoculation (59)• In A. sterilis acces­
sions with a susceptible infection type, however, P. graminis 
avenae also had a shorter average colony length in those with 
dilatory resistance (slow rusting) (68). 
In greenhouse studies with seedling and penultimate leaves 
of Portage and Coachman and two isolates of P. coronata, 
Portage had slower hyphal growth than Coachman in most tests 
(24). This may contribute to the dilatory resistance (slower 
epidemic development) of crown rust on Portage in the field. 
A reduced rate of invasion was associated with dilatory resis­
tance (partial resistance) in potatoes to P. infestans in 
field tests (20). Also, the growth after penetration of H. 
teres on barley was inhibited in tissue of lines with dilatory 
resistance; in many infections growth did not progress beyond 
the penetrated cell (30). 
Latent "period 
A few studies have shown that pathogens have longer latent 
periods (LP) in resistant than in susceptible cultivars. 
Parlevliet (48) found that barley cultivars with dilatory re­
sistance (partial resistance) to P. hordei tended to have 
longer LP's. This may be important in determining the rate 
of epidemic buildup. Although susceptible-type pustules were 
produced, only cultivars with a long LP showed a tendency 
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towards chlorosis around the uredia on the flag leaves. There 
was a positive correlation (r = O.76) between LP of seedling 
and adult, "but the seedling data were not very indicative for 
the adult "because of the much wider LP range in adults. Some 
cultivars had higher resistance than predicted from LP and 
vice versa (50). Parlevliet (49) tried to determine whether 
dilatory resistance (partial resistance) was of a horizontal 
type by using an analysis of variance and by ranking the iso­
lates in order of their pathogenicity on the various cultivars 
(75). He found a real differential interaction, characteristic 
of VR, in which isolate 11-1 gave a markedly longer LP with the 
cultivars Berac, Julia, and Vada while isolate 18 caused a 
similar increase in LP with Berac and Vada, but not Julia. 
On the other hand, according to Vanderplank (75)» differences 
in LP are characteristic of HR. This means that, as far as 
the stability of resistance is concerned, concepts like hori­
zontal, uniform, or race nonspecific resistance versus vertical, 
differential, or race specific resistance may be less unambigu­
ous than is generally indicated. 
Dilatory resistance (partial resistance) in potatoes to 
P. infestans was associated with a longer time required for 
sporulation (20). With P. recondita on adult wheat plants, 
Ohm and Shaner (46) found a longer LP on two cultivars with 
dilatory resistance (slow rusting) when compared with two sus­
ceptible (fast rusting) cultivars. However, Sztejnberg and 
Wahl (68) found that LP was the same for all races of P. 
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graminis avenae on all A. sterilis accessions tested, even 
those with dilatory resistance (slow rusting). Also, with E. 
graminis tritici, no difference in LP was found between Knox, 
a wheat cultivar with dilatory resistance (slow mildewing), 
and Vermillion (60), 
Number of lesions 
In studies on dilatory resistance in wheat to P. graminis 
tritici. a group of wheat cultivars, known to differ in rate 
of stem rust development in the field and representing differ­
ent degrees of dilatory (nonspecific) resistance, were examined 
for receptivity to infection using controlled inoculation pro­
cedures (42). In tests of seedlings, only two cultivars, 
Lee and Mindum, differed significantly in the amount of infec­
tion per unit of inoculum. Mindum was more receptive to in­
fection than Lee. This difference did not occur on inoculated 
mid-leaves of adult plants at anthesis. Similar amounts of 
penetration occurred on leaves of all cultivars. Thus, dif­
ferences in receptivity to infection apparently resulted from 
the failure of many fungal penetrations to produce pustules. 
Wilcoxson et al. (76) also reported that most cultivars with 
dilatory resistance (slow rusting) in the field showed a lower 
percentage of rust on detached leaves in the greenhouse. 
Sellam and Wilcoxson (59) found that numbers of uredia of 
p. graminis tritici/cm of seedling leaf surface were fewer in 
barley cultivars with a resistant infection type than in those 
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with susceptible infection types. Similarly, in a rice culti-
var trial, Ou et al. (4?) found that all entries were sus­
ceptible to blast caused by Pyricularia orvzae. but the 
entries differed in the number of lesions on the leaves. The 
lines with fewer lesions were resistant to more races and 
isolates. Thus, the quantitative difference in resistance 
(lesion number) observed in the field was an indicator of the 
qualitative resistance (race reaction) of the rice lines. 
With P. recondita on adult wheat plants, Ohm and Shaner 
(46) compared two cultivars with dilatory resistance (slow 
rusting) with two susceptible (fast rusting) cultivars and 
found that one cultivar with dilatory resistance had fewer 
pustules/cm of leaf area than the other three. Also, pustules 
of P. graminis avenae were fewer on the oat cultivar Garry than 
on Algerian or A. sterilis (31). This may be a mechanism for 
dilatory resistance (slow rusting). 
The barley cultivar Vada, although compatible with P. 
hordei. has dilatory resistance. It developed a lower level 
of infection in the field and had fewer pustules than the 
susceptible Midas in the greenhouse (12). When Shaner (60) 
compared Knox wheat with Vermillion in the greenhouse, he found 
that one component of Knox's dilatory resistance (slow mildew­
ing) was reduced infectability (which may be due to a reduc­
tion in the number of primary infections or to a failure of 
some primary infections to develop into visible colonies). 
Also, H. teres caused fewer lesions on barley with dilatory 
22 
resistance than on susceptible barley (30). 
A selection technique for potato seedlings resistant to 
P. infestans has been proposed (72, 73)• The basic principle 
of this technique is low infection efficiency of zoospores of 
P. infestans on certain host genotypes phenotypically mani­
fested in a low number of successful infections even when ex­
posed to a long moisture period after inoculation. Under 
natural epidemic conditions, this defense action will delay 
the disease outbreak and considerably retard progress of the 
epidemic. The sought type of dilatory resistance was not 
found in Solanum tuberosum, but it was found in S. tuberosum x 
S, demi s sum hybrids and in S. demissum. 
Lesion size 
Kochman and Brown (31) found that pustules of P. graminis 
avenae were smaller on the oat cultivar Garry than on Algerian 
or A. sterilis selections. This may be a mechanism for dila­
tory resistance (slow rusting). In greenhouse studies with 
seedling and penultimate leaves of Portage and Coachman and 
two isolates of P. coronata. Portage had smaller pustules than 
Coachman in most tests (24). This may contribute to the dila­
tory resistance (slower epidemic development) of crown rust 
on Portage in the field. With P. recondita on adult wheat 
plants, Ohm and Shaner (46) found smaller pustules on two cul-
tivars with dilatory resistance (slow rusting) when compared 
with two susceptible (fast rusting) cultivars. The barley 
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cultivar Vada, although compatible with P. hordei, has dilatory 
resistance. It had smaller pustules than the susceptible 
Midas in the greenhouse (12). This probably contributed to 
the slower development of pustules on Vada in the field. 
When Shaner (60) compared Knox wheat with Vermillion in 
the greenhouse, he found that one component of Knox's dilatory 
resistance (slow mildewing) was smaller colonies. At the 
higher colony densities in these experiments, colony sizes on 
Knox and Vermillion were the same. As the number of colonies/ 
2 
cm decreased, colony size increased substantially on Vermil­
lion. Since colonies on Knox did not respond to reduced compe­
tition, something other than colony density restricts colony 
size on Knox. Also, H. teres caused smaller lesions on barley 
lines with dilatory resistance than on susceptible barley (30). 
Rate and amount of sporulation 
Johnson and Taylor (28) found that the measurement of 
spore production of pathogens growing on infected host plants 
provides an accurate method of measuring the pathogenicity of 
the pathogen and the resistance of the host because it measures 
the sum of the effect of all components of resistance mecha­
nisms in the host. It is less subjective than visual estima­
tion of disease intensity and has revealed differences not 
detected by visual methods. The data indicated that race 
specific resistance often does not provide complete resistance 
but can cause a quantitative reduction in the production of 
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spores. Therefore, it could slow the rate of epidemic develop­
ment in a way similar to that attributed to horizontal resis­
tance (74). In a study of P. striiformis on wheat, they 
assessed the relationship between infection type and spore 
production per unit area of leaf and found that small differ­
ences in infection type were associated with large differences 
in sporulation. 
With dilatory resistance (slow rusting) to P. graminis 
avenae. Sztejnberg and Wahl (68) were able to divide A. 
sterilis accessions into three groups based on cumulative spore 
counts/uredium. Their ranking followed the same order for all 
races indicating stability of the dilatory resistance. In 
greenhouse studies with seedling and penultimate leaves of 
Portage and Coachman and two isolates of P. coronata. Portage 
had fewer spores/pustule than Coachman in most tests (24). 
This may contribute to the dilatory resistance (slower epidemic 
development) of crown rust on Portage in the field. Also, the 
barley cultivar Vada, although compatible with P. hordei, had 
a slower rate and a smaller amount of spore production than the 
susceptible Midas in the greenhouse (12). This probably con­
tributed to the dilatory resistance (slower development of 
pustules) of Vada in the field. 
When Shaner (60) compared Knox wheat with Vermillion in 
the greenhouse, he found that one component of Knox's dila­
tory resistance (slow mildewing) was the greater frequency of 
colonies with low inoculum production potential. He devised a 
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sporulation index "based on conidial production of the four 
conidial chain-density classes, each averaged over all colony 
sizes, as an indication of inoculum potential. Colony area 
and conidial chain density were positively correlated. Ver­
million had 1.64 times the per colony inoculum potential of 
Knox. For a given level of inoculum, 1.85 more colonies formed 
on Vermillion than on Knox. The combined effect of sporulation 
capacity and colony formation differences was therefore 1.64 x 
1.85 = 3.03. On this basis, Vermillion was 3»03 times more 
susceptible than Knox. The number of spores produced per unit 
area of colony, and the proportion of conidia that infect and 
give rise to lesions, are the two factors that determine the 
magnitude of Vanderplank's (74) basic infection rate. For the 
upper four leaves, the ratio of the basic infection rate on 
Vermillion to that on Knox averaged 3*18. The 3*03 value 
calculated above compares well with this ratio. Thus, the 
differences observed in the laboratory seem to account for the 
differences observed in the field. 
Schulze and Fischbeck (57) found that barley cultivars 
resistant to powdery mildew showed dying conidia in large num­
bers, a reduction in the number of visible germ tubes, and 
generally an absence of a superficial mycelium (sometimes a 
slight one was observed). In another study, reduced sporula­
tion in the greenhouse was associated with dilatory resistance 
(partial resistance) in potatoes to P. infestans in field 
tests (20). Also, sporulation of H. teres on excised barley 
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leaves was less on lines with dilatory resistance than on sus­
ceptible ones. 
Reports of Tolerance 
Murphy et al. (^3) calculated a coefficient of infection 
for oat crown rust by multiplying the numerical equivalent 
(infection type or degree of susceptibility—0.1 to 1.0) by 
the percentage of infection (0 to 100). This was more highly 
correlated with yield and test weight than were either of its 
components (high negative correlation). Percentage of infec­
tion was more closely associated with yield and test weight 
than was infection type. However, there were some exceptions 
from some selections in a Markton x Rainbow cross. For ex­
ample, the average crown rust coefficients for Marion and 
Hancock were 21.3 and 59*8 with average yields of 58.8 and 
56.0 bushels/acre, respectively. These two, as well as other 
selections from this cross, produced higher yields and heavier 
test weights than would be indicated by the crown rust coef­
ficients, and thus may be suspected of having tolerance. 
In another report on tolerance in oats to crown rust, 
Caldwell et al. (8) used two pairs of oat cultivars, Clinton 
59 and Clintland (R gene from Landhafer), and Benton and 
Bentland (R gene from Landhafer). There was little difference 
between the members of these pairs of cultivars in appearance 
or in yield and quality of grain when they were grown in the 
absence of crown rust. With artificially induced crown rust 
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epidemics, crown rust infection reached 100^ on the susceptible 
Benton and Clinton 59 in 1955-57 and only a trace on Clintland 
and Bent land. In 1955 and 1956, the losses in yield and 
quality of the susceptible but tolerant Benton were nil or 
small when compared with Bentland. In contrast, the losses of 
the susceptible and nontolerant Clinton 59 were severe when 
compared with Clintland. Caldwell et al. (8) concluded that, 
since the crown rust attacks on Benton and Clinton 59 seemed 
to be equally massive, it is apparent that damage to functions 
and structure affecting yield and grain quality was much more 
severe in Clinton 59 than in Benton. However, Clifford (11) 
subsequently found that Benton rusted at a slower rate than 
Clinton 59* 
With artificially inoculated hill plots, Simons (6l) ob­
served crown rust at the best time for distinguishing severity 
differences among cultivars (well before the period of maximum 
rust that occurs as the grain starts to ripen). At this rela­
tively early date the amount of infection (percentage of leaf 
area covered by uredia) varied greatly among the different 
cultivars. He found that tolerance, particularly as measured 
by kernel wei^t ratios, was associated to some extent with 
the coefficient of rust infection. Thus, cultivars with less 
rust yielded better because of their resistance and not because 
of their tolerance. 
Torres and Browning (70) studied the sister oat selec­
tions Clinton and Cherokee, rated as susceptible and tolerant 
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to crown rust, respectively. With race 216, measurements made 
at 2-day intervals of the sporulating area of the same 50 
uredia on each cultivar showed that on the 20th day after 
inoculation, uredia on Cherokee were significantly larger 
(0.1976 mm^) than those on Clinton (0.1642 mm^). Clinton 
yielded 715 p-g of spores/linear cm of primary leaf, and 
Cherokee yielded only 44-4 iig. Yield on Clinton peaked later 
and was sustained for a longer period than that on Cherokee. 
Thus, the Cherokee-race 216 interaction resulted in fewer 
uredospores per unit of sporulating area than the Clinton-race 
216 interaction, presumably damaging Cherokee less. They con­
cluded that uneven distribution of spore yield and lower spore 
yield/uredium might explain why tolerant cultivars progressive­
ly delay rust development and maintain grain yield relatively 
well over time in spite of rust. However, James (26), Schafer 
(56), and Johnson and Taylor (28) considered this to be a case 
of improving the precision of disease evaluation, resulting 
in the transfer to slow rusting (i.e., some form of resistance) 
of what initially was presumed to be tolerance. 
According to Michel and Simons (4l), the oat cultivars 
Kota, Nodaway, and Nodaway 70 were significantly better than 
the "tolerant" Andrew and Cherokee in seed weight ratio and 
yield. Although the three cultivars had susceptible pustules 
to all three races used and supported numerous large uredia, 
they had a somewhat lower percentage of leaf area covered by 
pustules than Clinton and others which accounted for their 
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better performance. Because these differences in percentage of 
rust could be overlooked easily in visual ratings and might not 
show at all in a given year, they emphasized the importance of 
measuring directly the effect of rust on yield and seed weight. 
This also shows that a subjective visual assessment, in con­
junction with yield and quality data, may cause a cultivar to 
be classified as being tolerant when the higher yield and 
quality are mainly due to resistance. 
Oat populations that were believed to differ in type, 
degree, or composition of resistance were studied in l6- and 
18-foot circular or square field plots inoculated at the 
centers with P. coronata (11). Infection was assayed at dif­
ferent positions in the plots at time intervals. Yield and 
quality data indicated that slow rusting and tolerance are 
distinguishable. Andrew and Benton developed comparable rust 
levels throu^out the season, but Benton tolerated this level 
of rust better than Andrew. Both cultivars rusted at rates 
slower than Clinton 59- Of course, Benton is not considered 
tolerant when compared to Clinton 59t but slow rusting. 
Benton might not be rated tolerant when compared to Andrew if 
spore yield were measured. Clifford (11) concluded that slow 
rusting can be detected in 3-foot nursery rows if rust evalua­
tions are made at several times during the season. The use of 
this technique in conjunction with yield and quality data may 
allow identification of, and distinguish between, slow rusting 
and tolerance. Slow rusting is characterized by the slower 
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development of fewer and smaller pustules, as compared to 
more susceptible cultivars, from a given quantity of inoculum 
and a given time of inoculation; tolerance is characterized 
by the same development of pustules as susceptible cultivars 
but with higher yield. 
Hayden (22) reported that epidemics caused by race 15B of 
P. graminis tritici caused severe losses in the spring wheat 
region of the USA in 4 years in the early 1950's. The sus­
ceptible wheats Lee and Sentry produced relatively high yields 
despite their being heavily rusted at maturity and they have 
been termed tolerant to stem rust. Characteristics associated 
with Lee, the highest yielding bread wheat, were low initial 
stem rust prevalence and less severe infection of the basal 
8-10 inches of plants, yet only a slightly less severe rust 
rating at host maturity. Stem rust was less prevalent early in 
the season on Sentry, the highest yielding durum cultivar, and 
rust on basal portions was less severe than on lower yielding 
durum wheats. Fewer stem rust lesions developed on tolerant 
than on nontolerant cultivars when they were inoculated artifi­
cially in the field. Spread and severity of the stem rust fungus 
from artificially induced initial infection centers of race 
15B were limited in the tolerant cultivars. Lee and Sentry 
outyielded the other cultivars, but their favorable yield dif­
ferential decreased as the quantity of inoculum was increased. 
Schafer (56) considered that their differences were due to 
differential infectability and thus slower disease development 
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rather than true tolerance. 
Salmon and Laude (55) and Caldwell (7) found that the high 
yielding wheat cultivar Fulhard had little yield reduction 
even though it was badly infected with leaf rust. However, 
they did not say when the rust was rated. It may be that the 
rust was not severe early enough. 
In a study of Septoria tritici on wheat, Ziv and Eyal (78) 
classified the cultivar Miriam as tolerant to the fungus be­
cause it maintained low levels of yield reduction although it 
manifested pycnidial coverage equivalent to that on other 
cultivars. However, only one disease reading was made during 
the season. This may not have been at the best time to detect 
differences. 
James (26) and Schafer (56) cited Br'dnniman as claiming to 
find tolerance in wheat to Septoria nodorum. However, early 
season disease readings more accurately predicted final yield 
losses than later readings, indicating resistance rather than 
tolerance. 
In conclusion, tolerance can be expressed only when 
disease loss is not a direct function of severity (26). The 
same epidemic must result in different percentages of yield 
loss for different cultivars. It may well be that disease 
assessments made at one time in the disease season are inade­
quate for evaluating tolerance and that it may be necessary to 
characterize the complete epidemic. The results reviewed here 
can be interpreted as evidence that a tolerance rating 
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generally reflects inadequate methods of disease assessment, 
Schafer (5^) felt that it is desirable to make the mean­
ing of tolerance less equivocal in plant pathology literature. 
The first requirement for measuring tolerance is to establish 
the equivalence of disease. Tolerance is related to the 
evaluation of disease, which may be based on arbitrary desig­
nations of disease severity. It seems probable that, as more 
is understood about the biochemistry of disease, finer dif­
ferences in disease expression may be identified. Previously 
reported tolerance might then be explained as a function of 
such newly differentiated disease aspects and become a phase 
of resistance. Perhaps tolerance should be allowed to be re­
ported on the basis of relatively crude or subjective evalua­
tions of disease. Subsequent evaluations in some such in­
stances may demonstrate that differing degrees of loss are due" 
to a low degree of difference in comparative resistance. Even 
in such instances, tolerance is a useful interim concept, 
differing from clearly evident resistance, and requiring dif­
ferent experimental techniques for identification. 
Epidemiological Techniques 
"Epidemiology is the study of populations of pathogens in 
populations of hosts and the resulting disease under the in­
fluence of the environment and human interference" (34). The 
epidemic as a whole combines the various elements, phases, or 
components of disease (host population, pathogen population, 
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other "biotic components of the environment, time, primary 
inoculum, spore formation, spore release, spore dispersal, 
spore landing, infection, incubation, latent period, infectious 
period, etc.). 
The disease progress curve is the graph of an epidemic 
(34). Cumulative curves sum the progress of a disease and are 
commonly used. Such a curve describes the additive amount of 
disease or of the pathogen at all dates and consequently the 
course of an epidemic in time. Usually this curve is sigmoid 
(74, 75). Baker (2) divided it into four phases: true 
logarithmic scale, exponential slope, transitional slope, and 
plateau. 
Epidemics are compared to evaluate the effects of differ­
ent treatments, including different types or levels of resis­
tance, on the course of the epidemic (3^). Plotted curves are 
of limited use as a method of comparison unless they are sub­
jected to one or more of the following treatments: (1) smooth­
ing curves by moving averages to minimize variations mostly 
due to environment or experimental errors; (2) transforming 
curves into linearity or curvilinearity; and (3) verifying 
whether differences among disease progress curves are statis­
tically significant. With linear disease progress curves, only 
the regression coefficient b can be tested for statistical sig­
nificance. With curvilinear disease progress curves, the upper 
asymptote (29, 3^), the time at which maximum growth occurs 
(29), and the rate of growth at that time (29) can be compared. 
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A high amount of primary infection very often results in 
a high final level of disease, a large area under the disease 
progress curve, and a high number of plants killed (34). 
Vanderplank (74) found a close correlation between the apparent 
infection rate and the area under the disease progress curve. 
Area-under-the-curve models are midway between critical-
and multiple-point models (26). Area-under-the-curve models 
could not distinguish between early light infections and late 
severe infections that occupied the same area under the disease 
progress curve, but where the loss from the former was much 
greater than from the latter. 
The total leaf area affected by disease, i.e., pustules 
or lesions, including any accompanying chlorosis, necrosis, 
or defoliation, is likely to correlate better with losses in 
yield than with pustules or lesion area alone (26). Trapping 
and counting spores of the pathogen is an indirect method of 
measuring disease severity. 
Burleigh et al. (6) found that numbers of uredia and 
uredospores can be used to measure epidemic development of 
wheat rusts (P. graminis and P. recondita). Precision of the 
measurements was increased when uredial numbers and spore 
numbers were transformed to logarithms. If rust severities 
do not exceed 2^ (74), the log^ transformation gives the 
best accuracy while epidemics that surpass 2^ should be de­
scribed by transforming numbers of uredia and numbers of spores 
to logio or logg • High correlation coefficients between 
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nimbers of uredia and numbers of spores suggested that spore 
numbers, which are easier and less expensive to obtain than 
uredial numbers, can be used to measure epidemic development 
in place of numbers of uredia (6), 
The linear regression model represented their data except 
where the pathogens overwintered as sporulating mycelium. If 
overwintering occurred, a third degree polynomial explained 
most of the variation in numbers of uredia. However, when 
epidemics resulting from overwintered inoculum were monitored 
by counting the cumulative uredospore numbers, the linear 
regression model was able to explain most of the variation in 
uredospore numbers. The reason for this is that, when the 
functional model is a polynomial, more than one maximum and 
minimum uredial value during disease progress is implied. The 
change from maximal to minimal uredial numbers results from 
weathering of lower leaves, which harbor rust, before a mea­
surable increase occurs on the remaining foliage. Usually 
this does not occur with leaf rusts on spring wheats or when 
there is no overwintering, and since stem rust uredial numbers 
generally are obtained from culms, marked changes in uredial 
numbers do not occur with additions or loss of foliage. Use 
of cumulative spore numbers, which by definition do not de­
crease, negates the value of the polynomial in characterizing 
epidemics by spore numbers. 
Since leaf and stem rust development can increase tenfold 
in 4-5 days, daily measurements are essential to monitoring 
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the infection rate (6). Spore numbers satisfy that criterion. 
Dirks and Romig (15) developed three models to account 
for the variation in the cumulative numbers of P. graminis and 
p 
P. recondita uredospores trapped/cm on microscope slides from 
wheat fields in the Mississippi River Basin during 1953f 1962, 
1963, 1964, and 1965. These were linear multiple regression 
models derived from» (1) a combination of five biological and 
six climatological variables; (2) the biological variables 
alone; or (3) the climatological variables alone. The bio­
logical variables were developed from regression components 
associated with the numbers of uredospores trapped. The 
climatological variables were derived from temperature 
and precipitation records. The best model for P. graminis was 
one combining both biological and climatological variables. 
For P. recondita, the model with only biological variables 
accounted for a highly significant portion of the variation 
in the final cumulative number of uredospores 2 weeks before 
heading. The model based on the six climatological variables 
was unsatisfactory for both rusts. 
Eversmeyer et al. (16) used stepwise multiple regression 
techniques to determine those meteorological and biological 
variables useful in explaining variation in wheat stem irust 
severities 7« 14, 21, and 30 days after severity estimates were 
made. Variables that were most significant in the successful 
prediction of stem rust development were: disease severity 
estimates, weekly and cumulative numbers of uredospores de-
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posited/cm^, cultiver, wheat growth stage, maximum temperature, 
minimum temperature, a temperature-fungal growth function, and 
a fungal infection function. Stem rust development was more 
accurately explained "by the use of disease severity estimates 
as the inoculum variable than by the use of uredospore numbers. 
They were unable to accurately predict stem rust development 
using only meteorological variables. Maximum and minimum tem­
perature or the temperature-fungal growth function were seldom 
effective in explaining stem rust development. 
Coumoyer (14) trapped uredospores of P. coronata with 
Rotorod spore samplers from 15 x 15 m plots and estimated spore 
concentrations/100 liters of air. Cumulative daily counts 
over time produced sigmoid growth curves that she showed to be 
reasonably and consistently well described by the logistic 
growth function (29). She derived and used the biologically 
meaningful parameters: jx (the time of maximum spore release), 
M (the maximum spore release at time p. ), and K (the final 
cumulative spore count at infinite time) to describe and com­
pare pathogen population curves resulting from various treat­
ment combinations. Regressions of final cumulative spore 
counts on percentage susceptibility in the treatments confirmed 
that increases in proportions of host susceptibility caused 
higher spore counts. Significant negative correlation coeffi­
cients were obtained between pathogen yield (final cumulative 
spore counts) and host yield data. High correlations 
consistently existed between 
resultant pustule numbers on 
38 
spore numbers in the air and 
different cultivars. 
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MTERIALS AND METHODS 
Field Experiments 
Biological material 
The same experiments were attempted in the summers of 
1975 and 1976. Twelve oat cultivars were used: X421-I, C6U9, 
Multiline (17). Multiline M73 (18), Portage, Cherokee, 
Nodaway 70, Grundy, Otter, O'Brien, Otee, and C237-89IV. The 
12 cultivars, of which adequate seed had to be available, were 
chosen to represent various types of resistance and tolerance, 
including a resistant check (X421-I), a susceptible check 
(C649)» two multilines with population resistance (5)» Portage 
with moderate resistance (24), and lines (particularly Cherokee 
and Nodaway 70) reported as being tolerant. C649, with 
specific but no background resistance, is the recurrent parent 
of the midseason isolines that make up Multiline M73» including 
X421-I. 
Four races of P. coronata were used: 264B, 321, 326, and 
264b Ascencao. These races were chosen as being virulent on 
most of the cultivars I used, but they were dissimilar in their 
reaction on the standard differentials. Race 264B Ascencao 
has the same reaction as race 264B on the standard differen­
tials, but the former also attacks the oat cultivar Ascencao. 
All cultivars in my field experiments had susceptible-type 
pustules to all four races used with the exception of Portage, 
which was resistant to race 321, and X421-I, which was resis-
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tant to all four races. 
Experimental design 
The main field experiments consisted of three replications 
of the 12 cultivars described above. Each cultivar was planted 
in 15 X 21 m plots (15 m wide in an E-W direction and 21 m long 
in a N-S direction). The plots, planted in three ranges with 
each range being a replication, were arranged in an E-W direc­
tion to minimize the interplot movement of spores due to the 
prevailing SW winds. The plots were separated by a 15 x 21 m 
strip of X421-I and the ranges were surrounded by X421-I; 
thus, the nonplot area was drilled solid with X421-I. The 
land was prepared with a disk and field cultivator and the oats 
were drilled at a planting rate of 3 "bu/acre. In 1975 planting 
was in early May; in 1976 it was in early April. On the day 
after drilling, spreader clumps of X122-12, a susceptible mid-
season isoline, were planted in the four corners of each plot 
(3 m from the E and W sides, 3 m from the N side, and 6 m from 
the S side). Four clumps of ca. 10 seeds each were planted in 
each comer and each clump was marked with a stake. 
Hill plots of the same 12 cultivars were planted in eight 
replications. The hills were 30 cm apart with 30 seeds/hill. 
Every other row of hills was planted to X122-12 for the rusted 




Inoculation was by hypodermic syringe injection when the 
plants were sufficiently large (near the end of May). I used 
one race for each of the four clumps (2 plants/clump) in each 
corner of the large plots. Inoculum was either "fresh" from a 
recent greenhouse increase or it was from cryogenic storage. 
Germination was tested before use. The uredospores were sus­
pended in a 0.5^ emulsion of Tween 20 (a nonionic surfactant 
available from Atlas Chemical Industries, Inc., Wilmington, 
DE 19899) and water. In the rusted hill plot treatment every 
other spreader row was inoculated with inoculum of two of the 
races while the other spreader rows were inoculated with that 
of the other two. Two plants per hill were inoculated with 
each race. 
Maintenance 
For easier access during spore collection, a strip of 
X421-I was mown on all sides of each I5 x 21 m plot before 
spore collection began. A 3 m strip on the south side of all 
the 15 X 21 m plots, as well as the nonrusted hill-plot treat­
ment, was sprayed with a fungicide every 5-7 days beginning 
when secondary infection was noticed. The fungicide spray 
consisted of 454 g Dithane M-45 (a coordination product of 
zinc ion and manganese ethylene bisdithiocarbamate, used as a 
protectant and available from Rohm and Haas Co., Philadelphia, 
PA 19105), 227 g NiSO/j, (eradicant), 90 ml Triton B-1956 
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(spreader-sticker also available from Rohm and Haas Co.), and 
190 liters of water. 
Weeds were not controlled in the 15 x 21 m plots in 1975» 
but in 1976 the herbicides, Ramrod (2-chloro-N-isopropylaceta-
nilide available from Monsanto, St. Louis, Missouri 63166) for 
grassy weeds and Basagran (sodium salt of bentazon available 
from BASF Wyandotte Corporation, Parsippany, New Jersey 07054) 
for broad-leaved weeds, were used. The hill plots were culti­
vated with a wheel hoe. 
Meteorological data were recorded starting after rust 
inoculation. Temperature was recorded continuously with a 
hygrothermograph. Onset and dew duration were recorded using 
a device, designed by Browning (3)« attached to the hygro-
thermograph. Precipitation was measured with a standard U.S. 
Weather Bureau rain gauge. 
Collection and counting of spore s 
Approximately 20 days after inoculation when secondary 
infection was noticed, I began spore collection. Spores were 
collected 24 June-13 July 1975 and 21 June-9 July 1976. Sam­
pling was done from ça. I300-I500 hours CDT with 12-volt 
battery-operated Rotorod spore samplers mounted ça. 15 cm above 
the plant canopy at the periphery of each plot downwind from 
the center. Rotorod exposure time was recorded to the nearest 
minute. The U-shaped rods were coated with an adhesive con­
sisting of rubber cement formulated for Rotorod Collector 
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Coating and rubber cement thinner. The collector rods were 
rotated by a small electric motor at a nominal speed of 2400 
rpm and a nominal air-sampling rate of 120 liters/minute (the 
rods, rubber cement, rubber cement thinner, and motors cur­
rently are available from Ted Brown Associates, 26338 Es-
peranza Drive, Los Altos Hills, CA 94022). The rpm of each 
motor was determined at the beginning and end of the experi­
ment using a Strobotac (available from General Radio Co., 
Concord, Mass. 01742) and an average was used for the calcu­
lations in each plot. The same motor was used with the same 
plot throughout the experiment. 
Spores were counted using an Ultropak incident light 
attachment on a Leitz Laborlux microscope at XllO with a 
5 X 5 or 10 X 10 square grid in the eyepiece. The spores were 
counted grid by grid. All spores in all grids on both leading 
edges of a rod were counted if there were fewer than an average 
of 10 spores/microscope field. Otherwise, at least 270 spores 
were counted, and the number of grids counted was recorded. 
The number of spores/100 liters of air was then calculated 
(13) using the following formulas : 
Number of spores Number of spores on rod ^  i nn 
100 liters of air Volume of air sampled 
Number of spores _ Number of spores counted x 112 grids 
on rod Number of grids counted 
Volume of air sampled = ASR x TEST, where 
ASR = air sampling rate = rpm x 0.05» and 
TEST = total elapsed sampling time. 
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These formulas were programmed into a Monroe 1265 calculator. 
After determining the number of spores/100 liters of air for 
each plot each day, I calculated a cumulative 3-day running 
average for each plot. 
Fitting procedures 
Fitting was done by means of the Modified Gauss-Newton 
method invented by Hartley (21) as described in TARSIER II 
(67) and used by Jowett et al. (29). I used the logistic 
equation, 
where Y is the number of spores, K is the upper asymptote 
parameter at infinite time, & is a location parameter, and 
a is a parameter relating to the growth rate of the pathogen 
(14-). These parameters were transformed to the more biologi-
T Ti Ô 
cally meaningful parameters p., M, and K where p. = ^  = the 
time at which maximum growth occurs, M = ^  = rate of growth 
at time p., and K = K = maximum attainable growth. In terms 
more meaningful to plant pathologists, p. = the time when maxi­
mum spore release occurs, M = the spore concentration at this 
time, and K = some measure of the total accumulated spore 
release during the course of the epidemic (or the asymptote). 
Since this procedure is iterative, it requires that initial 
guesses of the parameter values be provided, which are modi­
fied in subsequent iterations to converge on the values of 
best fit. 
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I made initial guesses of the parameters (a, g, and K) in 
the following manner. I numbered the days (X) of spore collec­
tion "beginning with 1 for the first day. From the daily data 
showing numbers of spores/100 liters of air, I chose p. to be 
the day when maximum spore release occurred. Since M is the 
rate of growth or slope at time p., I let M = where AY is 
the difference between the cumulative 3-day running average 
for the day following p and the day preceding p. and AX = 2 
days. To determine K, I drew a graph of the cumulative 3-day 
running averages for each plot or cultivar and estimated the 
asymptote by sight. Then I determined a and 0 by the formulas 
a = ~ and In 0 = fxa. A copy of the computer program used to 
find the final estimates of a, 3, and K is shown in the 
Appendix. After convergence was achieved for a, 3, and K, I 
determined p. and M by the formulas p. = ^ and M = An­
alyses of variance and Duncan's multiple range test were per­
formed on the p, M, and K parameters and on the final cumula­
tive spore counts. 
Analyses of variance also were performed to determine the 
goodness of fit between the predicted curve and the observed 
cumulative spore counts for each cultivar. The sum of the 
squared residuals (the difference between the observed and 
predicted values for the average curve for each cultivar) 
multiplied by three (for the three replications) was used as 
the sum of squares for deviations from the model (lack of fit). 
Computer-drawn (58) disease progress curves were obtained 
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for each cultivar in 1975 and plotted on one graph. This was 
in terms of cumulative spore counts/100 liters of air as an 
average of three replications fitted to the logistic equation, 
with the lines representing the predicted curves and the points 
representing predicted values. Also, separate disease progress 
curves were drawn for each of the 12 cultivars, with the line 
representing the predicted curve and the points representing 
the observed cumulative spore counts. 
Harvest 
The yield and kernel wei^t of 200 seeds in grams from 
each hill plot were recorded (61), In 1975i eight 30-cm sec­
tions of a row were harvested from the rusted and sprayed por­
tions of each 15 x 21 m plot. Yield and kernel weight of 200 
seeds were determined on these. In 1976, eight samples were 
taken at random from the rusted and sprayed portions of each 
15 X 21 m plot and kernel weight of 200 seeds was determined. 
Then I determined the ratio between the rusted and sprayed 
plots for both yield and kernel weight as follows; ratio = 
weight of each rusted plot/average weight of the sprayed plots 
of that cultivar (61). Analyses of variance and Duncan's 
multiple range test were performed on the yield from rusted 
and sprayed plots, the kernel weight from rusted and sprayed 
plots, and the yield and kernel weight ratios. 
4? 
Determination of r, the apparent infection rate 
I determined r, the apparent infection rate, for each 
cultivar in the 1975 field experiments "by two different methods, 
A and B. In both methods, r is the regression coefficient of 
X. 
the transformation log. ^ ^ , where X. = the average daily 
® "^-^ i 1 
cumulative spore count for each cultivar. In method A, X^ = 
the average final observed cumulative spore count for each 
cultivar; in method B, X^ = the computer estimate of K for the 
average curve of the susceptible check (0649). Method B corre­
sponds with Vanderplank's (74) concept of r. 
Greenhouse Experiments 
Number of pustules (experiments 1, 2, and 3) 
Each experiment consisted of a different set of cultivars 
that were inoculated one, two, or three weeks after planting. 
Each inoculation of a particular set of cultivars was a trial 
for that experiment. 
For each trial I planted five 10-cm pots to each of 12 oat 
cultivars (11 in experiment 3)« Ten seeds were planted per pot 
in a circle with the embryo end down and the groove toward the 
pot center so that leaves would grow with the abaxial side out. 
Plants were grown in a growth chamber or in the greenhouse and, 
to avoid personal bias, the pots were coded with numbers in­
stead of cultivar names. 
One, two, or three weeks after planting, the best four 
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pots of each cultivar were inoculated. Only the primary leaf 
was inoculated; other leaves were removed from plants that 
were inoculated two and three weeks after planting. For each 
trial I removed one or more vials of P. coronata races 264B 
(experiments 1 and 2) or 321 (experiment 3) uredospores from 
liquid nitrogen (36) and thawed them in a 45 C water bath (35). 
The uredospores were used at 1 mg of spores/ml of Soltrol 170, 
a nonphytotoxic mineral oil (manufactured "by the Phillips 
Petroleum Go., Bartletsville, OK). 
The pots were inoculated quantitatively in random order 
using an aliquot inoculator attached to the side of a spore­
settling turntable-tower ( Browning et al. , Dept. of Botany and 
Plant Pathology, I.S.U., unpublished). This device consisted 
of a mechanism for continuous agitation of spores in oil, an 
atomizer, and a timer to allow delivery of an aliquot of 
inoculum in a desired amount of time. The plants revolved at 
20 rpm 6o cm from the atomizer that was set to spray for 9 
seconds. When the oil had evaporated, the plants wers placed 
dry in a dew chamber, which maintained temperature within 
+ 0.5 C (4), set for a constant 12-hour 21 C dew period fol­
lowed by a gradual drying cycle (51). The plants were removed 
to a 21 C growth chamber (14-hour day) until pustules formed. 
Total pustules/leaf were counted on five leaves/pot and the 
length (cm) of the inoculated area v/as measured (from the tip 
of the leaf to the lowest pustule). The number of pustules/10 
cm of leaf was then determined to adjust for differences in 
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leaf length within and among cultivars. 
An analysis of variance and Duncan's multiple range test 
were performed on the number of pustules/leaf and the number 
of pustules/10 cm of leaf. Since there was little difference 
in the results at different leaf stages, all leaf stages were 
combined in the analysis of a particular experiment with each 
trial being a replication. In experiment 1 there were six 
replications, two at the 1-week stage, two at the 2-week stage, 
and two at the 3-week stage. In experiments 2 and 3 there were 
four replications, two at the 1-week stage and two at the 2-
week stage. 
Appressoria and penetrations (experiments 4, and 6) 
Each experiment consisted of a different set of cultivars 
that were inoculated one, two, or three weeks after planting. 
Each inoculation of a particular set of cultivars was a trial 
for that experiment. Only the primary leaf was inoculated; 
others were removed on plants that were inoculated two and 
three weeks after planting. 
For each trial I planted four pots to each of four oat 
cultivars as in experiments 1, 2, and 3» One, two, or three 
weeks after planting, the best three pots of each cultivar 
were inoculated. P. coronata races 264B (experiments 4 and 5) 
or 321 (experiment 6) uredospores were used at 2 mg of spores/ 
ml of oil. The plants were placed in the dew chamber at G80O 
hours with a constant dark 21 C dew period. One leaf was 
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removed from each pot 4, 8, 12, and 24- hours later and taped to 
a slide, abaxial side up, for microscopic examination. Using 
an artist's airbrush, I then sprayed the leaves with a mixture 
(1) that stained the cytoplasm of the fungus red and the cell 
walls blue. I counted germ tubes, appressoria, and penetra­
tions on ça. 0.2 x 3.8 cm of leaf surface at XllO. If an 
appressorium was full, its content stained red. If an appres-
sorium had emptied, all that could be seen was the blue-stained 
wall of the appressorium, which meant penetration had taken 
place. Counts for the three leaves of each cultivar at each 
time were added together. 
Analysis of covariance was used for the appressorium and 
penetration counts and the adjusted means were obtained. The 
means as well as the standard errors of the means were rounded 
to the nearest whole number. The number of appressoria ob­
served was adjusted for the number of germ tubes observed 
to determine the effect of a particular cultivar on the forma­
tion of appressoria regardless of the number of germ tubes in 
the counting area and regardless of its effect on germ tubes. 
For the same reasons the number of penetrations observed was 
adjusted for the number of appressoria and for the number of 
germ tubes. Since there was little difference in the results 
at different leaf stages, all leaf stages were combined in the 
analysis with each trial being a replication. In experiment 4 
there were six replications, two at the 1-week stage, two at 
the 2-week stage, and two at the 3-week stage. In experiments 
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5 and 6 there were four replications, two at the 1-week stage 
and two at the 2-week stage. The percentages of appressoria/ 
germ tubes, penetrations/appressoria, and penetrations/germ 
tubes also were determined for each cultivar at each time. 
Spore yield and pustule area (experiments 2 and 8) 
Oat plants were grown singly in polyvinyl chloride (PVC) 
tubes 15 cm high with an inside diameter of 2.6 cm and an out­
side diameter of 3.3 cm (27). A piece of plugging cotton was 
placed in the bottom of each tube and it was then filled with 
soil. The soil was packed to ça. 1 cm from the top, one seed 
was planted/tube with the embryo end down, and then the tube 
was filled to the top with soil. The tubes were placed in 
19.5 X 27 X 10-cm plastic containers and watered from below 
and above (until plants emerged). 
Ten tubes of each of six cultivars were inoculated quan­
titatively 10 days after planting for each replication. There 
were three replications in each experiment, P. coronata races 
264B (experiment 7) and 321 (experiment 8) uredospores were 
used at 1 mg and 0.5 mg of spores/ml of oil, respectively. 
Any second leaves that were visible were removed before inocu­
lation. After inoculation the plants were placed in the dew 
chamber set for a constant 12-hour 21 C dew period followed 
by a gradual drying cycle. The plants were removed to a 21 C 
growth chamber (14-hour day)'until pustules formed. 
The tubes were then secured with wedges in holes drilled 
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through 2 x l4-cm boards. Ten holes in one side of one board 
accommodated the ten tubes of one cultivar. The boards were 
placed on fiberglass cafeteria trays, via which the plants 
were watered. Each board was attached to a wooden structure 
that supported two hinged aluminum frames. A strip of aluminum 
foil attached to the underside of each frame formed a spore-
collecting tray (69). Each cafeteria tray was set on a piece 
of plywood with a handle on each end for easy handling. Be­
cause the entire setup had to be moved for spore collection 
and photography, water was siphoned from the tray before each 
collection. 
About five days after inoculation, the primary leaves, 
adaxial side up, were secured to the frame with masking tape 
and secondary leaves were removed. The opening of the frame 
was 5 cm wide, and spores were collected only from the leaf 
area over the opening. Spores were collectable nine days after 
inoculation. Each leaf was numbered, the number of pustules 
was counted, and then spores were collected using a small 
cyclone spore collector. Spores first were collected di­
rectly from the adaxial side of the leaf, and then those that 
had fallen into the aluminum foil tray were collected. The 
spores from each cultivar were collected in a single glass 
tube that had been marked and weighed previously. After col­
lection, I weighed each tube plus spores and calculated the 
spore weight. Seven collections were made on the same set of 
leaves at 2-day intervals. Cumulative spore yield for each 
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cultivar for each collection day also was determined. 
Immediately after collecting the spores, I took pictures 
of four leaves of each cultivar for determining pustule area. 
The copy camera (a Leica M3 camera body, Visoflex attachment, 
and 65 mm Elmar lens) was set up in the middle of the chamber 
and the trays were moved for photography. Pictures were taken 
with Kodachrome IIA film for ^  second at fl6. A metric scale 
was included in each photograph. 
Two slides, representing two consecutive collection days, 
were projected simultaneously on separate screens to a mag­
nification of exactly XIO. Ten pustules on each cultivar 
were selected from the first collection day and traced onto 
long strips of white paper as original sites of infection. 
Each strip of paper represented a leaf. Each pustule selected 
and traced in the first slide was identified and traced on the 
subsequent slides of the sequence. 
Area was determined by dropping a plastic grid marked in 
square inches, containing 100 dots/square inch, on top of the 
pustule drawing. This was done three times. The number of 
dots falling within the pustule drawing was converted to 
hundredths of a square inch (e.g., 2 dots = 0.02 square inch). 
The average area of each pustule for all seven days was cal­
culated in square inches (3 decimal places). Then, the average 
area of the ten pustules from each cultivar v/as determined 
(square inches with 3 decimal places). This was later con-
verted to real area in mm by multiplying by 0.01 (magnifica­
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tion factor) and 6^5 mm^/square inch, (e.g., 0.01 x 645 x 0,023). 
Total pustule area/leaf (mm^) was calculated by multiplying 
the average number of pustules/leaf by the average area/ 
pustule for each cultivar in each experiment. 
An analysis of variance and Duncan's multiple range test 
were performed on spore yield (m^lO leaves and ^g/pustule) for 
each collection day, pustule area, and the number of pustules/ 
leaf on each cultivar. Also, an analysis of variance was per­
formed on cumulative spore yield (m^lO leaves and p.g/pustule) 
for each collection day. Computer-drawn (58) curves of the 
cumulative spore yield were obtained. 
Latent period ( experiments 2., ]^, 11, and 12 ) 
Each experiment consisted of the same 22 oat cultivars 
in two replications with two pots/replication. For experiments 
9 and 10, I planted each cultivar as in experiments 1, 2, and 
3. Ten days after planting, the primary leaves were inoculated 
quantitatively. Uredospores of P. coronata races 264B (ex­
periment 9) and 321 (experiment 10) were used at 1 mg and 0.5 
mg of spores/ml of oil, respectively. 
For experiments 11 and 12, I planted the seeds with no 
particular orientation. These plants were inoculated ça. 2 
months after planting when flag leaves had emerged. The plants 
were inoculated quantitatively in the spore-settling turntable-
tower by means of a COg pistol with P. coronata races 264B 
(experiment 11) or 321 (experiment 12). In the first replica­
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tion of each experiment the spores were used at a concentra­
tion of 10 mg/shot. For the second replication the spores 
were used at 5 mg/shot for experiment 11 and 20 m^shot for 
experiment 12 because pustules of race 264B were very crowded 
with 10 mg while pustules of race 321 were very sparse with 
10 mg. The plants were allowed to revolve for 5 minutes 
through the falling spores. 
After inoculation the plants were placed in the dew 
chamber set for a constant 12-hour 21 C dew period followed 
by a gradual drying cycle. The plants were removed to a 21 C 
grovrth chamber (14-hour day) until pustules began to emerge. 
Four plants in each pot were marked for pustule counting so 
that pustule development could be followed on individual plants. 
Pustules were counted on the adaxial side of the primary leaf 
or flag leaf each day from the time of the first open pustule 
(epidermis slightly ruptured) until no more primary pustules 
appeared. Latent period was determined as the day when 50fo 
of the pustules had emerged (48). This was done by linear 
interpolation between the day preceding and the day following 
50^ emergence. An analysis of variance was performed on the 





The weather data I collected for 2 June-13 July 1975 and 
24 May-9 July 1976 are in Tables 1 and 2, respectively. Data 
are for the 24-hour period starting at 0800 hours on the date 
indicated. In 1975 there was sufficient moisture early in the 
disease season to cause good crown rust development. In 1976 
there was little moisture early in the disease season and, 
consequently, rust development was very poor. The moisture 
recorded for 25 May-1 June 1976 did no good as far as rust 
development was concerned because primary rust pustules had not 
yet opened. There was abundant moisture later in the season 
(14 days with 5 or more hours of dew), and spore numbers in­
creased rapidly near host maturity. 
Spore counts 
First I fit the daily cumulative spore counts from each 
plot to the logistic equation. Then I used the data from all 
three plots of each cultivar so that there were three separate 
observations for each day to fit the daily cumulative spore 
counts to the logistic equation. Also, I calculated the aver­
age daily cumulative spore count for each cultivar and used 
these values to fit each cultivar to the logistic equation. 
In the latter two methods, the computer estimates of K, a, and 
57 
Table 1. Meteorological data^ recorded during the 1975 field 
experiments near Ames, Iowa 
Temperature (C) Precipitation 
Date Maximum Minimum (mm) 
June 2 12.0 5.6 
3 26.0 16.0 6.4 
k 26.0 13.0 
5 27.0 14.0 
6 25.0 10.5 
7 24.0 13.5 
8 24.5 12.0 
9 16.0 15.0 32.0 
10 20.0 14.0 1.3 
11 18.0 11.5 16.5 
12 23.0 12.0 5.1 
13 27.0 13.0 15.2 
14 19.0 12.0 15.2 
15 18.5 13.0 15.2 
16 25.5 18.5 25.4 
17 25.0 16.5 
18 24.0 22.5 31.8 
19 29.0 21.5 
20 31.0 22.0 
21 31.0 19.0 
22 26.0 18.5 14.0 
23 28.0 18.0 2.3 
24 26.0 19.0 14.0 
25 29.0 21.0 
26 29.0 19.0 50.3 
27 28.0 22.0 
28 31.0 22.5 8.1 
29 30.5 23.0 1.5 
30 30.0 20.0 
July 1 30.5 19.0 
2 31.0 20.0 
3 32.0 21.5 
4 34.0 23.0 
5 27.0 22.0 7.4 
6 30.0 20.0 
7 31.0 20.0 
8 30.0 15.0 
9 28.0 16.0 0.5 
10 25.0 15.0 
11 26.0 11.0 
12 22.0 9.0 
13 24.0 10.0 
^Data are for the 24-hour period starting at 0800 hours 
on the date indicated. 
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Table 2. Meteorological data^ recorded during the 1976 field 
experiments near Ames, Iowa 
Temperature (Cj Precipitation wetness 
Date Maximum Minimum (mm) (hours) 
May 24 20.0 7.0 
8 25 23.0 9.0 
26 24.0 12.0 6 
27 25.0 14.0 
28 27.0 16.0 1.3 
29 23.0 14.0 10 
30 24.0 14.0 10 
31 25.0 14.0 7 
June 1 26.0 15.0 3 
2 28.0 11.0 
3 27.5 11.0 2 
4 29.0 16.0 
5 31.0 15.0 2 
6 30.0 14.5 
7 29.0 17.0 
8 30.0 19.0 
9 32.5 18.0 5 
10 27.0 19.0 18.5 9 
11 31.0 21.0 4 
12 33.5 17.5 25.4 10 
13 32.0 18.0 25.4 4 
14 27.0 15.0 7.1 4 
15 21.5 11.0 9 
16 25.0 17.0 
17 29.5 13.5 3.6 6 
18 20.0 10.0 9 
19 23.0 11.0 3 
20 28.0 13.0 
21 29.0 13.0 
22 30.0 13.0 
23 29.0 18.5 14 
24 24.0 13.0 7.6 10 
25 29.5 19.0 
26 32.0 17.0 2.8 3 
27 25.0 19.0 17.8 13 
28 28.0 16.0 12 
29 23.0 13.5 27.4 9 
30 24.0 14.0 12 
^Data are for the 24-hour period starting at 0800 hours 
on the date indicated. 
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Table 2. (Continued) 
— r a t  u r e _j Çj— Precipitation wetness 
Date Maximum Minimum (mm) (hours) 
July 1 25.5 12.0 12 
2 27.0 14.0 10 
3 27.0 17.0 6 
4 28.0 16.0 11 
5 28.0 15.5 12 
6 30.0 19.0 
7 28.5 15.0 10 
8 31.5 24.0 
9 35.0 24.0 
g were exactly the same and, consequently, ^ and M were the 
same. When I averaged the computer estimates of K, a, and g 
for each plot of each cultivar, these values were similar to 
but not the same as those obtained by the latter two methods. 
In determining the goodness of fit of each cultivar to the 
predicted curve, I used the residual sum of squares for the 
average curve. Therefore, it is not necessary to use the 
three separate observations for each day to estimate the 
parameters. However, it is necessary to fit the daily cumula­
tive spore counts for each plot to the logistic equation for 
analysis of variance of the parameters. 
The disease progress curves for each cultivar in 1975, 
as an average of three replications fitted to the logistic 
equation, are shown in Figure 1. Separate graphs of each 
cultivar with the line representing the predicted curve and 
Figure 1. The disease progress curves of Puccinia coronata 
for each of the 12 oat cultivars in the 1975 
field experiments in teims of cumulative spore 
counts/lOO liters of air as an average of three 
replications fitted to the logistic equation; 
the lines represent the predicted curves and 

























the points representing the observed cumulative spore counts 
are shown in Figure 2. Analyses of variance to test the good­
ness of fit for each curve are shown in Table 3* There was 
good agreement between observed and predicted cumulative spore 
counts as shown by the small F values of the residual mean 
squares. 
I was not able to fit the cumulative spore counts for 
three of the cultivars in one replication to the logistic equa­
tion so I used my original estimates of the parameters (|a, M, 
and K) for those three cultivars in that replication in de­
termining the means and doing an analysis of variance. The 
mean computer estimates of K as well as the final cumulative 
spore counts that I obtained for each cultivar are shown in 
Table 4. The mean computer estimates of M and p. for each cul­
tivar are presented in Table 5« Analyses of variance for fi, M, 
K, and the final cumulative spore counts are shown in Table 6. 
There was a significant difference at P = 0.05 for p, and at P 
= 0.01 for M, K, and the final cumulative spore counts. As 
might be expected, the mean computer estimate of K is higher 
than the mean final cumulative spore count for each cultivar. 
The susceptible check C649 had the most spores both in terms of 
K and final cumulative spore counts/100 liters of air while the 
resistant check X421-I had the least. The spores from X421-I 
probably represented spores from the spreader clumps as well 
as stray spores from other plots. The rankings of the culti­
vars in terms of final cumulative spore counts, K, and M are 
Figure 2. The disease progress curves of Pucoinia coronata for each of the 12 oat 
cultivars in the 1975 field experiments in terms of cumulative spore 
counts/100 liters of air as an average of three replications fitted to 
the logistic equation; the line represents the predicted curve and the 
points represent the observed cumulative spore counts 
A. Nodaway 70 G. Cherokee 
B. X421-I H. Portage 
C. 0649 I. Grundy 
D. Multiline M73 J. Otter 
E. C237-89IV K. O'Brien 
F. Multiline E74 L. Otee 
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Table 3- Analyses of variance for goodness of fit to the 
logistic equation of the cumulative spore counts 
from each of the 12 oat cultivars in the 1975 field 
experiments with Puccinia coronata 
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Table 3» (Continued) 




Due to a, 3, and K 





Due to a, g, and K 





Due to a, g, and K 





Due to a, g, and K 





Due to a, g, and K 





Due to a, g, and K 







































Table 4. Mean computer estimates of K (spores/100 liters of 
air) and mean final cumulative spore counts (spores/ 
100 liters of air) for the 12 oat cultivars in the 
1975 field experiments with Puccinia coronata^ 
Final 
, cumulative 
Cultivar K Cultivar spore countb 
G 649 629 a C649 490 a 
Grundy 408 b Grundy 348 b 
O'Brien 402 b O'Brien 
(M 0
 be 
Otter 300 be Otee 237 bed 
Gtee 285 bed C237-89IV 
00 OS H
 cde 
C237-89IV 229 cde Otter 177 def 
Nodaway 70 141 def Nodaway 70 99 efg 
Cherokee 106 ef Cherokee 90 efg 
Multiline M73 101 ef Multiline M73 81 efg 
Multiline E74 99 ef Multiline E74 72 fg 
Portage 94 ef Portage 59 fg 
X421-I 36 f X421-I 25 g 
^Data are averages of three replications. 
^Letters indicate significant differences. Data followed 
by the same letter do not differ from each other at P = 0.05 
(Duncan's multiple range test). 
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Table 5* Mean computer estimates of M (spores/100 liters of 
air) and p, (days) for the 12 oat cultivars in the 
1975 field experiments with Puccinia coronata^ 
Cultivar Cultivar 
0649 49 a Portage 19 a 
Grundy 34 b Otter 19 a 
O'Brien 32 be Nodaway 70 17 ab 
Otee 20 cd X421-I 16 abc 
Otter 19 d Multiline M73 16 abc 
C237-89IV 15 de O'Brien 16 abc 
Nodaway 70 9 de C649 16 abc 
Multiline M73 8 de Multiline E74 16 abc 
Portage 8 de Grundy 15 abed 
Cherokee 7 de Otee 14 bed 
Multiline E74 6 de C237-89IV 12 cd 
X421-I 3 e Cherokee 11 d 
^Data are averages of three replications. 
^Letters indicate significant differences. Data followed 
by the same letter do not differ from each other at P = 0.05 
(Duncan's multiple range test). 
nearly identical. The data on p. did not show any meaningful 
trend. 
Computer estimates of a and 3 from the average curve of 
each cultivar are presented in Table ?. According to Jowett 
et al. (29), a represents the rate parameter for growth when 
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Table 6. Analyses of variance for n, M, K, and the final 
cumulative spore counts in the 1975 field experi­
ments and for the final cumulative spore counts in 
the 1976 field experiments with Puccinia coronata 
on 12 oat cultivars 











































•Significant at P = 0.05. 
••Significant at P = 0.01. 
the population is very small and corresponds somewhat to r, 
the apparent infection rate (74). There was a significant 
positive correlation between final cumulative spore counts and 
a (0.88). Cherokee and C649 had lower values of a than one 
might expect based on final cumulative spore counts. The 
data on g did not show any meaningful trend. 
The final cumulative spore counts after 15-and I9 days 
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Table 7« Computer estimates of a and 3 from the average 
curve for each of the 12 oat cultivars in the 1975 
field experiments with Puccinia coronata^ 
Cultivar a Cultivar e 
Grundy 0.34 O'Brien 141.15 
0649 0.31 Grundy 135.91 
O'Brien 0.29 Portage 128.31 
C237-89IV 0.27 0649 124.57 
Otee 0.26 Otter 89.24 
Otter 0.26 Multiline M73 81.02 
Nodaway 70 0.26 X421-I 68.38 
Multiline M73 0.22 Nodaway 70 58.97 
Multiline E74 0.22 Otee 39.78 
Portage 0.20 Multiline 274 34.85 
Cherokee 0.19 C237-89IV 25.64 
X421-I 0.18 Cherokee 13.76 
^Data are averages of three replications. 
of collection for each cultivar in 1976 are shown in Table 8. 
An analysis of variance for the final cumulative spore counts 
(19 days) is presented in Table 6. I was not able to fit 
these data to the logistic equation because of the rapid in­
crease of spores near the end of the season which had not 
leveled off when collecting was terminated at host maturity. 
There was a significant difference at P = 0.05 for the 
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Table 8, Mean final cumulative spore counts (spores/100 
liters of air) for the 12 oat cultivars in the 1976 
field experiments with Puccinia coronata after 15 and 
19 days of collection^ 
Cultivar 15 days 19 days 
0649 48 270 
C237-89IV 21 96 
Otee 14 68 
Otter 9 41 
Nodaway 70 11 39 
O'Brien 7 34 
Cherokee 11 29 
Grundy 9 28 
Multiline M73 7 18 
Multiline E74 7 14 
X421-I 5 9 
Portage 4 8 
^Data are averages of three replications. 
final cumulative spore c ounts. Final cumulative spore counts 
were much lower in 1976 than in 1975* This could be attributed 
to the lack of leaf wetness early in the disease season (Table 
2). There was a tremendous increase of spores between 15 and 
19 days (tracing to moisture 10-14 June and 24-29 June 1976), 
especially for the cultivars with the higher final cumulative 
spore counts, Grundy and O'Brien had lower spore counts and 
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Otee had a higher count than expected based on final cumula­
tive spore counts in 1975. There was a significant positive 
correlation between final cumulative spore counts in 1975 and 
1976 (0.76). 
Yield and kernel weight 
The yield from rusted and sprayed hill plots, the kernel 
weight of 200 seeds from rusted and sprayed hill plots, and the 
yield and kernel weight ratios for the 12 cultivars in 1975 
are presented in Tables 9» 10» and 11, respectively. Because 
my hill plots were inadvertently planted in a bad location, I 
used the yield and kernel weight data from similar plots of 
Dr. M. D. Simons. Analyses of variance for the yield and 
kernel weight from rusted plots, yield and kernel weight from 
sprayed plots, and yield and kernel wei^t ratios are shown 
in Table 12. 
There was a significant difference at P = 0.01 for yield 
and kernel weight from rusted plots, yield and kernel weight 
from sprayed plots, and yield and kernel weight ratios. There 
were significant negative correlations between 1975 final 
cumulative spore counts and yield ratios (-0.85) and between 
1975 final cumulative spore counts and kernel weight ratios 
(-0.85) t and a significant positive correlation between yield 
ratios and kernel weigiit ratios (0.93) in 1975» As might be 
expected, X421-I had the highest ratios, indicating it was 
least damaged by rust. Also, X421-I had the highest yield from 
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Table 9. Mean yield (g) from rusted and sprayed hill plots 
for the 12 oat cultivars in the 1975 field experi­
ments with Puccinia coronata^ 
Rusted plots Sprayed plots 
Cultivar Yield^ Cultivar Yieldf 
X421-I 20 a X421-I 24 a 
Multiline M73 16 b Otee 24 a 
Nodaway 70 14 be 0649 24 a 
Otter 13 bed Multiline M73 23 a 
Otee 12 cd Otter 23 a 
Cherokee 11 cd Nodaway 70 22 ab 
Multiline E74 11 cd Grundy 21 ab 
0'Brien 10 d Cherokee 20 abc 
0649 8 e O'Brien 18 be 
Grundy 8 e Multiline E74 17 c 
Portage 5 e C237-89IV 11 d 
C237-89IV 5 e Portage 9 d 
^Data are averages of eight replications. 
^Letters indicate significant differences. Data followed 
by the same letter do not differ from each other at P = 0.05 
(Duncan's multiple range test). 
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Table 10. Mean kernel weight (g) of 200 seeds from rusted and 
sprayed hill plots for the 12 oat cultivars in the 
1975 field experiments with Puccini a coronata& 
Rusted plots Sprayed plots 
Kernel Kernel 
Cultivar weight" Cultivar weight° 
X421-I 4.33 a Otter 6.13 a 
Otter 4.27 a Nodaway 70 5.87 a 
Nodaway 70 4.20 a Grundy 5.40 b 
Multiline E74 3.64 b 0'Brien 5.35 be 
Multiline M73 3.58 b Cherokee 5.11 bed 
Portage 3.55 be Multiline E74 4.93 cd 
Cherokee 3.43 be Otee 4.93 cd 
O'Brien 3.24 cd X421-I 4.88 d 
Otee 3.03 de 0649 4.83 d 
Grundy 2.83 ef Multiline M73 4.73 d 
C237-89IV 2.68 f Portage 4.70 d 
C649 2.64 f C237-89IV 4.63 d 
^Data are averages of eight replications. 
^Letters indicate significant differences. Data followed 
by the same letter do not differ from each other at P = 0.05 
(Duncan's multiple range test). 
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Table 11. Mean yield and kernel weight ratios from hill plots 
for the 12 oat cultivars in the 1975 field experi­







X421-I 0.85 a X421-I 0.89 a 
Multiline M73 0.68 b Multiline M73 0.76 b 
Multiline E74 0.66 b Portage 0.75 b 
Nodaway 70 p.64 be Multiline 274 0.74 be 
Portage 0.58 bed Nodaway 70  0.72 be 
Otter 0.58 bed Otter 0.70 be 
0•Brien 0.58 bed Cherokee 0.67 ed 
Cherokee 0.56 bed Otee 0.62 de 
Otee 0.48 ede O'Brien 0.61 ef 
C237-89IV 0.47 def C237-89IV 0.58 efg 
Grundy 0.36 ef 0649 0.55 fg 
0649 0.32 f Grundy 0.53 g 
^Data are averages of eight replications. 
^Letters indicate significant differences. Data followed 
by the same letter do not differ from each other at P = 0.05 
(Duncan's multiple range test). 
I 
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Table 12. Analyses of variance for yield from rusted and 
sprayed plots, kernel weight from rusted and 
sprayed plots, yield ratios, and kernel weight 
ratios for hill plots in the 1975 field experiments 
with Puccinia coronata 
Source d.f. M.S. 












































••Significant at P = 0.01. 
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rusted and sprayed plots, and kernel weight from rusted plots. 
No explanation is offered for its low ranking in kernel weight 
from sprayed plots. There was a significant negative correla­
tion between kernel weight from rusted plots and 1975 final 
cumulative spore counts (-0.72). 
The yield from rusted and sprayed hill plots, the kernel 
weight of 200 seeds from rusted and sprayed hill plots, and the 
yield and kernel weight ratios for the 12 cultivars in 1976 
are presented in Tables 13» 14-, and 15» respectively. Analy­
ses of variance for yield and kernel weight from rusted plots, 
yield and kernel weight from sprayed plots, and yield and 
kernel weight ratios are shown in Table l6. 
There was a significant difference at P = 0.01 for yield 
and kernel weight from rusted plots, yield and kernel weight 
from sprayed plots, and kernel weight ratios. In many cases 
the yield from rusted plots was higher than that from sprayed 
plots. This may have been due to greater damage caused by 
phytotoxicity (although none was visible) of the fungicide on 
the sprayed plots than damage caused by rust in the rusted 
plots. The susceptible check C649 was the only cultivar that 
had a lower yield in the rusted than in the sprayed plots. 
There were significant negative correlations between 1976 
final cumulative spore counts and yield ratios (-0.77) and 
between 1976 final cumulative spore counts and kernel weight 
ratios (-0.66), and significant positive correlations between 
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Table 13. Mean yield (g) from rusted and sprayed hill plots 
for the 12 oat cultivars in the 197o field experi­
ments with Puccinia coronata& 
Rusted plots Sprayed plots 
Cultivar Yield Cultivar Yield 
Otter 37 Otter 35 
Portage 35 Cherokee 28 
Cherokee 32 Otee 27 
Multiline K73 32 Nodaway 70 27 
Multiline E74 31 Multiline E74 27 
O'Brien 29 O'Brien 27 
Nodaway 70 29 Portage 27 
X421-I 29 Multiline M73 25 
C237-89IV 29 C237-89IV 25 
Otee 28 Grundy 24 
Grundy 27 C649 23 
0649 19 X421-I 21 
^Data are averages of eight replications. 
1975 and 1976 yield ratios (0.73) and between 1975 and I976 
kernel weight ratios (0.74). 
The yield and kernel weight data from the I5 x 21 m plots 
in 1975 and 1976 will not be presented. These data are essen­
tially meaningless because it was difficult to get comparable 
samples from rusted and sprayed portions. 
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Table 14. Mean kernel weight (g) of 200 seeds from rusted and 
sprayed hill plots for the 12 oat cultivars in the 
1976 field experiments with Puccinia coronata& 






Nodaway 70 5.83 Nodaway 70 6.98 
Portage 5.79 Otter 6.74 
Multiline E74 5.65 Cherokee 6.38 
Cherokee 5.53 O'Brien 6.30 
Otter 5.41 Multiline E74 6.30 
O'Brien 5.29 Grundy 6.11 
G237-89IV 5.08 Otee 6.04 
X421-I 4.90 C237-89IV 6.04 
Grundy 4.78 Portage 5.98 
Multiline M73 4.72 Multiline M73 5.41 
Otee 4.69 X421-I 5.37 
0649 3.97 0649 5.37 
^Data are averages of eight replications. 
The apparent infection rate, r 
The apparent infection rate, r, determined by two differ­
ent methods for the 12 oat cultivars in the 1975 field experi­
ments, is presented in Table I7. There was a significant posi­
tive correlation between final cumulative spore counts and 
r for method A (0.84) and method B (0.85). However, there 
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Table 15. Mean yield and kernel weight ratios from hill plots 
for the 12 oat cultivars in the 1976 field experi­







X421-I 1.38 Portage 0.97 
Portage 1.30 X421-I 0.91 
Multiline M73 1.28 Multiline E74 0.90 
C237-89IV 1.16 Multiline M73 0.87 
Multiline E74 1.15 Cherokee 0.87 
Cherokee 1.14 Nodaway 70 0.84 
Grundy 1.13 0 * Brien 0.84 
Nodaway yo 1.07 C237-89IV 0.84 
O'Brien 1.07 Otter 0.80 
Otter 1.06 Otee 0.78 
Otee 1.04 Grundy 0.78 
0649 0.83 C649 0.74 
^Data are averages of eight replications. 
were a few exceptions. One would expect that C649 would have 
the highest infection rate because it had the highest spore 
count, but this was not the case with method A. With both 
methods Cherokee ranked much lower than one would expect based 
on spore counts, even lower than X421-I with method B. 
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Table 16. Analyses of variance for yield from rusted and 
sprayed plots, kernel weight from rusted and 
sprayed plots, yield ratios, and kernel weight 
ratios for hill plots in the 1976 field experiments 
with Puccinia coronata 
Source d.f. M.S. 












































**Significant at P = 0.01. 
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Table 17. Values of r, the apparent infection rate, obtained 
by two different methods for the 12 oat cultivars 
in the 1975 field experiments with Puccinia 
coronata 
Method Method 
Cultivar AS Cultivar Ba 
Grundy 0.38 0649 0.32 
0649 0.37 Grundy 0.30 
O'Brien 0.36 O'Brien 0.28 
Otee 0.35 Nodaway 70 0.24 
Nodaway 70 0.35 Otee 0.23 
C237-89IV 0.33 Portage 0.22 
Otter 0.31 Otter 0.22 
Portage 0.30 O237-89IV 0.19 
Multiline E74 0.29 Multiline M73 0.18 
Multiline M73 0.28 Multiline E74 0.17 
Cherokee 0.27 X421-I 0.17 
X421-I 0.26 Cherokee 0.13 
^In both methods, r is the regression coefficient of the 
transformation log •y—^ , where X- = the average daily 
"n" i 
cumulative spore count for each cultivar. In method A, = 
the average final observed cumulative spore count for each 
cultivar; in method B, X^ = the computer estimate of K for the 
average curve of the susceptible check (C649). 
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Greenhouse Experiments 
Number of pustules (experiments 1, 2, and 3) 
The numbers of pustules/leaf and pustules/10 cm of leaf 
for experiments 1, 2, and 3 are presented in Tables 18, 19» 
and 20, respectively. Analyses of variance for experiments 1, 
2, and 3 are shown in Table 21. 
There was a significant difference at P = 0,01 with one 
exception for numbers of pustules/leaf and pustules/10 cm of 
leaf in experiments 1, 2, and 3« Of the cultivars tested, 
Cherokee always had the fewest pustules/leaf and pustules/10 cm 
of leaf, and Portage was very close in experiments 1 and 2. 
Portage was not included in experiment 3 because it is resis­
tant to race 321. Bonkee, a Cherokee derivative, acted similar 
to Cherokee in experiment 2. C649, the susceptible check in my 
field experiments, ranked near the top in experiments 2 and 3* 
Kodaway 70, which had a relatively low spore count in the 
field, also ranked low in experiments 1 and 3« There were 
significant positive correlations between 1975 final cumula­
tive spore counts and pustules/leaf in experiments 1, 2, and 3» 
but not between 1975 final cumulative spcre counts and 
pustules/10 cm of leaf. The correlation coefficients between 
1975 final cumulative spore counts and pustules/leaf in ex­
periments 1, 2, and 3 were O.96, 0.94, and 0,89» respectively. 
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Table 18, Mean numbers of pustules/leaf and pustules/10 cm of 
leaf of Puccinia coronata race 264B on 12 oat 






O'Brien 44 a C237-89IV 41 a 
Pettis 44 a Pettis 40 ab 
X122-12 43 a O'Brien 38 abc 
Appier 42 a Andrew 37 abed 
Andrew 41 a XI22-12 37 abed 
C237-89IV 40 ab Otter 36 abed 
Red Rustproof-14 40 ab Nodaway 70 35 be de 
Otter 35 be Appier 34 cde 
Nodaway 70 33 c Red Rustproof-l4 33 cde 
Richland 32 c Richland 32 de 
Portage 30 c Portage 30 ef 
Cherokee 29 c Cherokee 25 f 
^Data are averages of six replications, two at the 1-week 
stage, two at the 2-week stage, and two at the 3-week stage. 
^Letters indicate significant differences. Data followed 
by the same letter do not differ from each other at P = 0.05 
(Duncan's multiple range test). 
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Table 19» Mean numbers of pustules/leaf and pustules/10 cm 
of leaf of Puccinia coronata race 264B on 12 oat 
cultivars in experiment 2& 
Pustules/ Pustules/ 
Cultivar leaf" Cultivar 10 cm" 
C237-89III 
00 
a Clinton 64 a 
C649 58 a C237-89III 62 ab 
X122-12 55 ab 0649 59 abc 
Clinton 53 ab Otee 58 abc 
Markton 52 abc X122-12 58 abc 
Red Rustproof-14 50 abc Markton 57 abed 
Otee 49 bed Grundy 54 bed 
Grundy 47 bed Red Rustproof-l4 51 cde 
Stout 46 bed Stout 51 ede 
Bonkee 43 cd Portage 50 cde 
Portage 40 d Bonkee 48 de 
Cherokee 40 d Cherokee 44 e 
^Data are averages of four replications, two at the 1-
week stage and two at the 2-week stage. 
^Letters indicate significant differences. Data followed 
by the same letter do not differ from each other at P = 0.05 
(Duncan's multiple range test). 
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Table 20. Mean numbers of pustules/leaf and pustules/10 cm of 
leaf of Puccinia coronata race 321 on 11 oat 
cultivars in experiment 3^ 
Pustules/ Pustules/ 
Cultivar leafb Cultivar 10 cm^ 
0649 79 a 0649 72 a 
X122-12 76 a C237-89IV 72 a 
C237-89III 75 ab X122-12 71 a 
Karkton 69 ab C237-89III 70 ab 
C237-89IV 63 be Otter 66 ab 
Grundy 63 be Markton 64 ab 
O'Brien 60 be Grundy 63 abc 
Red Rustproof-14 59 be Nodaway 70 62 abc 
Otter 59 be Red Rustproof-l4 60 abc 
Nodaway 70 56 e O'Brien 58 be 
Cherokee 56 c Cherokee 51 c 
^Data are averages of four replications, two at the 1-
week stage and two at the 2-week stage. 
^Letters indicate significant differences. Data followed 
by the same letter do not differ from each other at P = 0.05 
(Duncan's multiple range test). 
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Table 21. Analyses of variance for numbers of pustules/leaf 
and pustules/10 cm of leaf of Puccinia coronata in 
experiments 1, 2, and 3 
Source d.f. M.S. F 
Exp. 1 - pustules/leaf 
Cultivars 11 178.92 7.29** 
Rep 5 3.^35.25 139.87** 
Error 55 24.56 
Exp. 1 - pustules/10 cm 
Cultivars 11 116.89 6.20** 
Rep 5 2,751.90 146.07** 
Error 55 18.84 
Exp. 2 - pustules/leaf 
Cultivars 11 I60.II 5.O6** 
Rep 3 8,144.47 257.33** 
Error 33 31.65 
Exp. 2 - pustules/10 cm 
Cultivars 11 145.04 4.77** 
Rep 3 5,586.97 183.72** 
Error 33 30.41 
Exp. 3 - pustules/leaf 
Cultivars 10 274.95 4.77** 
Rep 3 723.52 12.55** 
Error 30 57.67 
Exp. 3 - pustules/10 cm 
Cultivars 10 181.67 2.88* 
Rep 3 2,356.39 37.31** 
Error 30 63.15 
*Significant at P = 0.05. 
**Significant at P = 0.01. 
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Ap-pressoria and -penetrations (experiments 4, and 6) 
The mean numbers of appressoria and penetrations; mean 
percentages of appressoria/germ tubes, penetrations/appressoria, 
and penetrations/germ tubes; and analyses of covariance for 
experiment 4 are presented in Tables 22-25. There were only 
three significant differences (P = 0.05) among oultivars for 
numbers of appressoria and penetrations of P. coronata race 
264b. The covariate was always significant at P = 0.01. 
Cherokee and/or Portage tended to have fewer appressoria and 
penetrations after 4, 8, and 12 hours of dew for appressoria 
and penetrations adjusted for germ tubes, but not for penetra­
tions adjusted for appressoria. After 24 hours there was not 
much difference among cultivars. 
The mean numbers of appressoria and penetrations; mean 
percentages of appressoria/germ tubes, penetrations/appressoria, 
and penetrations/germ tubes; and analyses of covariance for 
experiment 5 are presented in Tables 26-29. There were only 
two significant differences (P = 0.05) among cultivars for 
numbers of appressoria and penetrations of P. coronata race 
264B. The covariate was always significant at P = 0.01. 
Cherokee, Portage, and Red Rustproof-l4 had about the same 
number of appressoria after 4 hours of dew while Markton 
(universal suscept) had more. After 8 hours of dew Cherokee 
and Portage tended to have fewer appressoria and penetrations 
than Markton and Red Rustproof-l4. After 12 hours Red 
Rustproof-l4 generally had the highest. After 24 hours there 
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Table 22. Mean numbers of appressoria and penetrations of 
Puccinia coronata race 264B on four oat cultivars 
after 4, 8, 12, and 24 hours of dew at 21 C in 
experiment 4^ 
Hours Cultivar Appressoria^ Penetrations^ Penetrations^ 




S.E. of mean 1 
Appressoria* Penetrations Penetrations 
8 Cherokee 27 14 10 
X122-12 39 15 17 
Richland 34 13 13 
Portage 35 8 9 
S.E. of mean 2 2 2 
Appressoria Penetrations* Penetrations* 
12 Cherokee 24 22 
X122-12 40 26 27 
Richland 42 24 26 
Portage 38 19 19 
S.E. of mean 2 2
Appressoria Penetrations Penetrations 
24 Cherokee 37 30 29 
X122-12 39 31 32 
Richland 35 31 29 
Portage 40 29 31 
S.E. of mean 2 12
^Data are averages of six replications, two at the 1-week 
stage, two at the 2-week stage, and two at the 3-week stage. 
^Means adjusted for germ tubes. 
^Means adjusted for appressoria. 
•Significant at P = 0.05. 
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Table 23» Mean percentages of appressoria/germ tubes, 
penetrations/appressoria, and penetrations/germ 
tubes of Puccinia coronata race 264B on four oat 
cultivars after 4, 8, 12, and 24 hours of dew at 
21 C in experiment 4^ 
Appressoria Penetrations Penetrations 










































































^Data are averages of six replications, two at the 1-week 
stage, two at the 2-week stage., and two at the 3-week stage. 
•Significant at P = 0.05 .  
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Table 24. Analysis of covariance for the number of appressoria 
adjusted for germ tubes of Puccinia coronata race 
264b on four oat cultivars after 4, 8, 12, and 24 
hours of dew at 21 C in experiment 4 
































































•Significant at P = 0.05. 
••Significant at P = 0.01. 
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Table 25* Analysis of covariance for the number of penetra­
tions adjusted for appressoria and penetrations 
adjusted for germ tubes of Puccinia 'coronata race 
264# on four oat cultivars after 8, 12, and 2k 
hours of dew at 21 C in experiment 4 





























































































•Significant at P = 0,05. 
**Significant at P = 0.01. 
98 
Table 26. Mean numbers of appressoria and penetrations of 
Puccinia coronata race 2642 on four oat cultivars 
after 4, 8, 12, and 24 hours of dew at 21 C in 
experiment 5^ 




Cherokee 59 - -
Markton 67 - -
Red Rustproof-14 59 - -
Portage 60 - -
S.E. of mean 4 — — 
Appressoria* Penetrations Penetrations 
Cherokee 89 60 52 
Karkton 116 66 75 
Red Rustproof-l4 114 67 69 
Portage 101 58 55 
S.E. of mean 6 4 6 
Appressoria Penetrations Penetrations 
Cherokee 114 96 92 
Markton 123 91 95 
Red Rustproof-l4 122 100 102 
Portage 119 95 95 
S.S. of mean 4 3 5 
Appressoria* Penetrations Penetrations 
Cherokee 120 112 113 
Markton 122 110 110 
Red Rustproof-14 119 110 107 
Portage 120 110 110 
S.E. of mean 2 2 3 
^Data are averages of four replications, two at the 1-
week stage and two at the 2-week stage. 
^Means adjusted for germ tubes. 
"^Means adjusted for appressoria. 
•Significant at P = 0.05, 
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Table 2?. Mean percentages of appressoria/gem tubes, pene-
trations/appressoria, and penetrations/germ tubes 
of Puccinia coronata race 264b on four oat culti-
vars after 4-1 8, 12, and 24 hours of dew at 21 C 
in experiment 5 
Appressoria Penetrations Penetrations 
Hours Cultivar Germ tubes Appressoria Germ tubes 
Cherokee 39 
Markton 43 














Germ tubes Appressoria Germ tubes 
Cherokee 58 57 33 
Markton 74 62 46 
Red Rustproof-l4 75 64 48 
Portage 65 55 36 
Appressoria Penetrations Penetrations 
Germ tubes Appressoria Germ tubes 
Cherokee 77 81 62 
Markton 83 77 64 
Red Rustproof-l4 82 83 68 
Portage 80 79 63 
Appressoria* Penetrations Penetrations 
Germ tubes Appressoria Germ tubes 
Cherokee 82 92 76 
Markton 89 92 81 
Red Rustproof-•14 86 92 79 
Portage 85 91 77 
^Data are averages of four replications, two at the 1-
week stage and two at the 2-week stage. 
•Significant at P = 0.05. 
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Table 28. Analysis of covariance for the number of appressoria 
adjusted for germ tubes of Puccinia coronata race 
264-B on four oat cultivars after 4, 8, 12, and 24 
hours of dew at 21 C in experiment 5 
Source d.f, K.S. 
4 hours 
Germ tubes 1 1,584.29 20.88** 
Cultivars 3 55.56 0.73 
Rep 3 49.36 0.65 
Error 8 75.8? 
8 hours 
Germ tubes 1 6,718.46 5^.27** 
Cultivars 3 699.70 5*65* 
Rep 3 365.34 2.95 
Error 8 123.8O 
12 hours 
Germ tubes 1 4,743.18 83.35** 
Cultivars 3 68.12 1.20 
Rep 3 141.04 2.48 
Error 8 56.91 
24 hours 
Germ tubes 1 13,377.11 613.08** 
Cultivars 3 108.22 4.96* 
Rep 3 85.80 3.93 
Error 8 21.82 
•Significant at P = 0.05. 
**Significant at P = 0.01. 
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Table 29. Analysis of covariance for the number of penetra­
tions adjusted for appressoria and penetrations 
adjusted for germ tubes of Puccinia coronata race 
264B on four oat cultivars after 8, 12, and 24 
hours of dew at 21 C in experiment 5 
Source d.f. M.S. F 
8 hours 
Appressoria 1 6,052.77 81.04** 
Cultivars 3 59.71 0.80 
Rep 3 28.01 0.38 
Error 8 74.69 
Germ tubes 1 2,669.47 I7.27** 
Cultivars 3 574.07 3.71 
Rep 3 428.28 2.77 
Error 8 154.62 
12 hours 
Appressoria 1 5,874.92 226.67** 
Cultivars 3 55.78 2.15 
Rep 3 106.72 4.12* 
Error 8 25.92 
Germ tubes 1 4,342.26 39.45** 
Cultivars 3 90.79 0.82 
Rep 3 358.20 3.25 
Error 8 110.06 
24 hours 
Appressoria 1 13,701.36 1,074.13** 
Cultivars 3 1.40 0.11 
Rep 3 63.11 4.95* 
Error 8 12.76 
Germ tubes 1 12,531.75 285.17** 
Cultivars 3 110.52 2.51 
Rep 3 260.69 5.93* 
Error 8 43.95 
•Significant at P = 0.05. 
••Significant at P = 0.01. 
\ 
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was not much difference among cultivars. 
The mean numbers of appressoria and penetrations; mean 
percentages of appressoria/germ tubes, penetrations/appressoria, 
and penetrations/germ tubes ; and analyses of covariance for 
experiment 6 are presented in Tables 30-33* There were only 
two significant differences (F = 0.05) among cultivars for 
numbers of appressoria and penetrations of P. coronata race 
321. The covariate for appressoria was always significant at 
P = 0.01, but there were some exceptions for the covariate for 
penetrations. Cherokee had the fewest appressoria and penetra­
tions after 4 and 8 hours of dew. After 12 hours Red 
Rustproof-l4 had the most. After 24 hours Cherokee had the 
least. Even though Portage is resistant to race 321, it had 
higher numbers of appressoria and penetrations. 
Spore yield and pustule area ( experiments 2 8 ) 
Spore yield (mg/10 leaves) and analyses of variance for 
spore yield for different days after inoculation in experiment 
7 are presented in Tables 3^ and 35» respectively. There was 
a significant difference at P = 0.01 among cultivars for 
spore yield (mg/10 leaves) of P. coronata race 264B for 9 days 
after inoculation and at P = 0.05 for 13 days after inocula­
tion. For 9, 11, and I3 days after inoculation C649 yielded 
the most spores and Portage the least. For I5 and 17 days 
after inoculation Grundy yielded the most. For 19 and 21 days 
after inoculation C649 yielded the least. Portage yielded the 
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Table 30. Mean numbers of appressoria and penetrations of 
Puccinia coronata race 321 on four oat cultivars 
after 4, 8, 12, and 24 hours of dew at 21 U in 
experiment 6& 
Hours Cultivar Appressoria^ Penetrations^ Penetrations^ 
4 Cherokee 5^ 
Markton 57 
Red Rustproof-14 60 
Portage 62 
o.E. of mean 3 
Appressoria* Penetrations Penetrations 
8 Cherokee 76 25 20 
Karkton 99 2? 28 
Red Rustproof-l4 99 30 32 
Portage 98 3I 32 
S.E. of mean 3 3 4 
Appressoria Penetrations Penetrations 
12 Cherokee 95 51 50 
Markton 98 53 5^ 
Red Rustproof-l4 100 63 65 
Portage 95 52 5l 
S.E. of mean 2 3 3 
Appressoria* Penetrations Penetrations 
24 Cherokee 96 83 73 
Karkton 108 82 82 
Red Rustproof-l4 II9 86 94 
Portage 111 82 85 
S.E. of mean 4 2 4 
^Data are averages of four replications, two at the 1-
week stage and two at the 2-week stage. 
^Means adjusted for germ tubes. 
^Means adjusted for appressoria. 
•Significant at P = 0.05. 
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Table 31. Mean percentages of appressoria/germ tubes, pene-
trations/appressoria, and penetrations/germ tubes 
of Puccinia coronata race 321 on four oat cultivars 
after 4, 8, 12, and 24 hours of dew at 21 C in 
experiment 6^ 
Appressoria Penetrations Penetrations 



















Red Rustproof-l4 6l 
Portage 58 
Appressoria* Penetrations 





















Germ tubes Appressoria 
Cherokee 58 76 
Markton 65 76 
Red Kustproof-l4 71 79 












^Data are averages of four replications, two at the 1-
week stage and two at the 2-week stage. 
^Significant at P = 0.05. 
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Table 32. Analysis of covariance for the number of appressoria 
adjusted for germ tubes of Puccinia coronata race 
321 on four oat cultivars after 4, 8, 12, and 24-
hours of dew at 21 C in experiment 6 
Source d.f. M.S. 
4 hours 
Germ tubes 1 1,466.01 55*23** 
Cultivars 3 29*51 1.11 
Rep 3 185.18 6.98* 
Error 8 26.54 
8 hours 
Germ tubes 1 750.25 18.I3** 
Cultivars 3 285.28 6.89* 
Rep 3 335.93 8.12** 
Error 8 41.38 
12 hours 
Germ tubes 1 1,243.19 73.65** 
Cultivars 3 10.16 0.60 
Rep 3 45.68 2.71 
Error 8 I6.88 
24 hours 
Germ tubes 1 2,641.43 47.25** 
Cultivars 3 315-99 5.65* 
Rep 3 289.60 5.18* 
Error 8 55.91 
•Significant at P = 0.05. 
**Significant at P = 0.01. 
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Table 33. Analysis of covariance for the number of penetra­
tions adjusted for appressoria and penetrations 
adjusted for germ tubes of Fuccinia coronata race 
321 on four oat cultivars after 8, 12, and 24 hours 
of dew at 21 C in experiment 6 
Source d.f. M.S. 
8 hours 
Appressoria 1 385»77 8.17* 
Cultivars 3 25.20 0.53 
Rep 3 69.53 1.47 
Error 8 47.22 
Germ tubes 1 0.004 0.00 
Cultivars 3 49.91 0.82 
Rep 3 136.14 2.22 
Error 8 0I.2O 
12 hours 
Appressoria 1 212.13 6.22* 
Cultivars 3 98.16 2.88 
Rep 3 52.95 1.55 
Error 8 34.13 
Germ tubes 1 42.58 I.08 
Cultivars 3 95.20 2.41 
Rep 3 98.06 2.48 
Error 8 39*51 
24 hours 
Appressoria 1 3,966.62 210.30** 
Cultivars 3 14.84 O.79 
Rep 3 59.90 3.18 
Error 8 18.86 
Germ tubes 1 1,455.79 19.22** 
Cultivars 3 271.94 3.59 
Rep 3 488.09 6.44* 
Error 8 75.73 
•Significant at P = 0.05. 
••Significant at P = 0.01. 
Table ^4. Spore yield (mg/lO leaves) of Puccinia coronata race 264B on primary 
leaves of six oat cultivars in experiment 7^ 
Days after inoculation^ 
Cultivar 9 11 13 15 17 19 21 
0649 3.63 a 9.60 a 16.97 a 13.30 a 14.00 a 9.43 b 8.13 b 
Red 
Rustproof-l4 2.30 b 8.70 a 14.17 a 13.80 a 13.53 a 10.53 ab 9.97 ab 
Grundy 2.23 b 7.77 ab 15.27 a 15.90 a 16.63 a 12.03 ab 12.73 a 
Markton 2.17 b 8.07 a 14.03 a 13.03 a 14.00 a 10.63 ab 9.63 ab 
Cherokee 1.77 be 7.60 ab 14.03 a 14.60 a 15.93 a 12.00 ab 9.87 ab 
Portage 1.27 c 4.83 b 10.13 b 13.43 a 15.50 a 12.17 a 11.97 a 
^Data are averages of three replications. 
^Letters indicate significant differences. Data for a given day after inocula­
tion which are followed by the same letter do not differ from each other at P = 0.05 
(Duncan's multiple range test). 
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Table 35* Analyses of variance for spore yield (m^lO leaves) 
of Puccinia coronata race 264B for different days 
after inoculation in experiment 7 
Source d.f. K.S. F 
9 days 
Gultivars 5 1.8? I3.OI** 
Rep 2 7.47 51.90** 
Error 10 0,l4 
11 days 
Gultivars 5 7.77 3.02 
Rep 2 54.35 21.15** 
Error 10 2.57 
13 days 
Gultivars 5 15.20 3.68* 
Rep 2 69.10 16.75** 
Error 10 4.13 
15 days 
Gultivars 5 3-45 0.88 
Rep 2 19.04 4.85* 
Error 10 3.93 
17 days 
Gultivars 5 4.75 I.29 
Rep 2 12.90 3.52 
Error 10 3.67 
19 days 
Gultivars 5 3.68 2.05 
Rep 2 17.75 9.90** 
Error 10 1.79 
21 days 
Gultivars 5 8.46 2.93 
Rep 2 31.67 10.98** 
Error 10 2.89 
*Significant at P = O.O5. 
**Significant at P = 0.01. 
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highest and Grundy was second for 19 days and vice versa for 
21 days. Cherokee, like Portage, started out relatively slow, 
but increased toward the end. 
Cumulative spore yield (mg/10 leaves) and analyses of 
variance for cumulative spore yield for different days after 
inoculation in experiment 7 are presented in Tables 36 and 37» 
respectively. Cumulative spore yield for each cultivar is 
plotted in Figure 3» There v/as a significant difference at 
P = 0.01 among cultivars for cumulative spore yield/leaf of 
P. coronata race 264B for 9 days after Inoculation and at P = 
0.05 for 11 and I3 days after inoculation. For 9, 11» 13» and 
15 days after inoculation, C6^9 yielded the most spores and 
Portage the least. For 17» 19» and 21 days after inoculation, 
Grundy yielded the most and Portage the least. Cherokee 
started out relatively low but increased toward the end. In 
terms of final cumulative spore yield/leaf, Grundy yielded 
highest, Cherokee and C649 were second, Red Rustproof-14 was 
third, Markton was fourth, and Portage yielded lowest. 
Spore yield (ixg/pustule) and analyses of variance for 
spore yield for different days after inoculation in experiment 
7 are presented in Tables 38 and 39. respectively. There was 
a significant difference at P = 0.05 or P = 0.01 among culti­
vars for spore yield/pustule of P. coronata race 264B for all 
collection times. 06^9 had the highest spore yield/pustule 
for 9 days after inoculation while Grundy had the highest for 
the other days. Portage yielded the least amount of spores for 
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Table 36. Cumulative spore yield (mg/10 leaves)of Puccinia 
coronata race 264B on primary leaves of six oat 
cultivars in experiment 7^ 
Days after inoculation 
Cultivar 9 11 13 15 17 19 21 
C649 3.6 13.2 30.2 43.5 57.5 66.9 75.1 
Red 
Rustproof-14 2.3 11.0 25.2 39.0 52.5 63.0 73.0 
Grundy 2.2 10.0 25.3 41.2 57.8 69.8 82.6 
Markton 2.2 10.2 24.3 37.3 51.3 61.9 71.6 
Cherokee 1.8 9.4 23.4 38.0 53.9 65.9 75.8 
Portage 1.3 6.1 16.2 29.7 45.2 57.3 69.3 
^Data are averages of three replications. 
9. 11» and 13 days after inoculation while C649 yielded the 
least for 15» 17» 19» and 21 days. 
Cumulative spore yield (p.g/pustule) and analyses of vari­
ance for cumulative spore yield for different days after 
inoculation in experiment 7 are presented in Tables 40 and 41, 
respectively. Cumulative spore yield for each cultivar is 
plotted in Figure 4. There was a significant difference at 
P = 0.05 or P = 0.01 among cultivars for cumulative spore 
yield/pustule of P. coronata race 264B for all collection 
times. C649 had the highest cumulative spore yield/pustule for 
9 days after inoculation while Grundy had the highest for the 
other days. Portage yielded the least amount of spores for 
Ill 
Table 37» Analyses of variance for cumulative spore yield 
(m^lO leaves) of Puccinia coronata race 26^•B for 
different days after inoculation in experiment 7 
Source d.f. M.S. F 
9 days 
Cultivars 5 1.8? I3.OI** 
Rep 2 7.47 51.90** 
Error 10 0.14 
11 days 
Cultivars 5 16.27 4.^0* 
Rep 2 101.71 28.13** 
Error 10 3.62 
13 days 
Cultivars 5 61.27 4.27* 
Rep 2 338.14 23.58** 
Error 10 14.34 
15 days 
Cultivars 5 66.65 2.29 
Rep 2 509.23 17.50** 
Error 10 29.10 
17 days 
Cultivars 5 65.19 1.37 
Rep 2 425.11 8.90** 
Error 10 47.76 
19 days 
Cultivars 5 57*51 1.02 
Rep 2 559.00 9.95** 
Error 10 56.16 
21 days 
Cultivars 5 62.98 O.87 
Rep 2 723.60 9.95** 
Error 10 72.70 
•Significant at P = 0.05. 
**Significant at P = 0.01. 
Figure 3» Cumulative spore yield (m&/10 leaves) of Puccinia 
coronata race 264B on primary leaves of six oat 
cultivars for different days after inoculation 
















































Table 38. Spore yield (^g/pustule) of Puccinia coronata race 264B on primary leaves 
of six oat cultivars in experiment 7^ 
Days after inoculation^ 
Gultivar 9 11 13 15 17 19 21 
C649 11.67 a 29.67 a 53.67 b 42.67 d 44.67 c 30.00 b 26.33 c 
Red 
Rustproof-l4 8.33 b 31.33 a 52.00 be 51.67 cd 52.67 be 40.67 ab 38.33 be 
Grundy 9.33 b 32.33 a 65.67 a 69.00 a 73.33 a 53.33 a 54.67 a 
Markton 8.00 be 30.67 a 54.67 b 51.33 cd 56.33 be 42.00 ab 38.33 be 
Cherokee 7.00 be 31.33 a 59.33 ab 62.67 ab 71.33 a 51.67 a 44.33 ab 
Portage 5.67 c 20.67 b 43.33 c 57.67 be 67.00 ab 52.33 a 51.33 ab 
^Data are averages of three replications. 
^Letters indicate significant differences. Data for a given day after inocula­
tion which are followed by the same letter do not differ from each other at P = 
0.05 (Duncan's multiple range test). 
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Table 39. Analyses of variance for spore yield (p,g/pustule) 
of Puccini a coronata race 264B for different days 
after inoculation in experiment 7 
Source d.f. M.S. F 
» » • • I 
9 days 
Cultivars 5 12.6? 8.09** 
Rep 2 51.50 32.87** 
Error 10 1.57 
11 days 
Cultivars 5 $6.^-0 3*89* 
Rep 2 276.50 19.07** 
Error 10 14.50 
13 days 
Cultivars 5 I67.56 5«89** 
Rep 2 170.39 5.99* 
Error 10 28.46 
15 days 
Cultivars 5 260.63 8.90** 
Rep 2 22.17 0.76 
Error 10 29.30 
17 days 
Cultivars 5 391.69 6.68** 
Rep 2 1,017.56 17.36** 
Error 10 58.62 
19 days 
Cultivars 5 252.27 5.82** 
Rep 2 240.50 5.55* 
Error 10 43.37 
21 days 
Cultivars 5 315.02 5.43* 
Rep 2 579.06 9.99* 
Error 10 57*99 
*Significant at P = 0.05. 
**Significant at P = 0.01. 
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Table 40. Cumulative spore yield (^g/pustule) of Puccinia 
coronata race 264B on primary leaves of six oat 
cultivars in experiment 7^ 
Days after inoculation 
Cultivar 9 11 13 15 17 19 21 
C649 12 41 95 138 182 212 239 
Red 
Rustproof-14 8 40 92 143 196 237 275 
Grundy 9 42 107 176 250 303 358 
Markton 8 39 93 145 201 243 281 
Cherokee 7 38 98 16 0 232 283 328 
Portage 6 26 70 127 194 247 298 
^Data are averages of three replications. 
9t 11, 13» and 15 days after inoculation while 06^9 yielded 
the least for 17, 19, and 21 days. Portage started out rela­
tively low but increased toward the end while C649 started out 
relatively high and then decreased. In terms of final cumula­
tive spore yield/pustule, Grundy yielded highest, Cherokee 
was second, Portage was third, Markton and Red Rustproof-l4 
were next, and C649 yielded fewest. 
Spore yield (mg/lO leaves) and analyses of variance for 
spore yield for different days after inoculation in experiment 
8 are presented in Tables 42 and 43. respectively. There was 
a significant difference at P = 0.01 among cultivars for spore 
yield/leaf of P. coronata race 321 for 9, 11, and 13 days after 
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Table 41. Analyses of variance for cumulative spore yield 
(p.g/pustule) of Puccinia coronata race 264B for 
different days after inoculation in experiment 7 
Source d.f. M.S. F 
9 days 
Cultivars 5 12.6? 8.09** 
Rep 2 51.50 32.87** 
Error 10 1.57 
11 days 
Cultivars 5 98.00 4.78* 
Rep 2 559.50 27.29** 
Error 10 20.50 
13 days 
Cultivars 5 465.42 6.30** 
Rep 2 1,309.39 17.73** 
Error 10 73.86 
15 days 
Cultivars 5 912.72 6.31** 
Rep 2 1,012.72 7.00* 
Error 10 144.66 
17 days 
Cultivars 5 1.995-97 8.62** 
Rep 2 28.17 0.12 
Error 10 231.43 
19 days 
Cultivars 5 3.283.57 10.I3** 
Rep 2 382.17 1.18 
Error 10 324.03 
21 days 
Cultivars 5 5,251.12 9.89** 
Rep 2 1,894.06 3.57 
Error 10 530.86 
*Significant at P = 0.05. 
**Significant at P = 0.01. 
Figure 4. Cumulative spore yield (;ig/pustule ) of Puccini a 
coronata race 264B on primary leaves of six oat 
cultivars for different days after inoculation 

















































Table 42. Spore yield (mg/lO leaves) of Puccinia coronata race 321 on primary 
leaves of six oat cultivars in experiment 
Days after inoculation^ 
Cultiver 9 11 13 15 17 19 21 
C649 3.93 a 8.40 a 14.80 a 14.30 a 11.77 a 8.40 b 8.30 a 
Red 
Rustproof"14 1.13 b 3.90 c 7.83 c 11.73 ab 10.67 a 9.47 ab 9.57 a 
Grundy 1.57 b 3.23 c 6.53 c 8.87 b 8.80 a 9.00 ab 9.07 a 
Markton 2,30 b 5.73 b 11.53 ab 14.43 a 12.30 a 11.77 a 9.93 a 
Cherokee 1.60 b 4.57 be 9.47 be 12.17 ab 10.00 a 9.27 ab 7.83 a 
Otter 1.50 b 2.90 c 7.37 c 11.27 ab 10.93 a 9.63 ab 9.63 a 
^Data are averages of three replications. 
^Letters indicate significant differences. Data for a given day after inocula­
tion which are followed by the same letter do not differ from each other at P = 0.05 
(Duncan's multiple range test). 
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Table ^3* Analyses of variance for spore yield (mg/lO leaves) 
of Puccinia coronata race 321 for different days 
after inoculation in experiment 8 
Source d.f. M.S. F 
9 days 
Cultivars 5 3*11 7.99** 
Rep 2 0.74 1.90 
Error 10 O.39 
11 days 
Cultivars 5 12.46 14.66** 
Rep 2 2.70 3.18 
Error 10 0.85 
13 days 
Cultivars 5 28.98 8.9^** 
Rep 2 2.45 0.76 
Error 10 3.24 
15 days 
Cultivars 5 12.94 4.19* 
Rep 2 3.04 0.98 
Error 10 3* 09 
17 days 
Cultivars 5 4.70 1.46 
Rep 2 0.24 0.07 
Error 10 3.22 
19 days 
Cultivars 5 3.97 1.48 
Rep 2 1.10 0.41 
Error 10 2.68 
21 days 
Cultivars 5 2.06 1.15 
Rep 2 2.55 1.42 
Error 10 1.79 
*Significant at P = 0.05. 
**Significant at P = 0.01. 
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inoculation and at P = 0.05 for 15 days after inoculation. 
C6^9 had the highest spore yield/leaf for 9, 11, and 13 days 
after inoculation while Markton had the highest for 15» 17» 
19» and 21 days after inoculation. The lowest was Red Rust­
proof- 1^ for 9 days, Otter for 11 days, Grundy for 13» 15» and 
17 days, C6^•9 for I9 days, and Cherokee for 21 days. 
Cumulative spore yield (mg/lO leaves) and analyses of 
variance for cumulative spore yield for different days after 
inoculation in experiment 8 are presented in Tables 44 and 45, 
respectively. Cumulative spore yield for each cultivar is 
plotted in Figure 5* There was a significant difference at 
P = 0.05 or P = 0.01 among cultivars for cumulative spore 
yield/leaf of P. coronata race 32I for all collection times. 
c649 had the highest cumulative spore yield/leaf each time. 
The lowest was Red Rustproof-14 for 9 days, Otter for 11 days, 
and Grundy for the other days. In terms of final cumulative 
spore yield/leaf, C649 yielded highest; Markton was second; 
Cherokee, Red Rustproof-l4, and Otter were next; and Grundy 
yielded fewest. 
Spore yield (^g/pustule) and analyses of variance for 
spore yield for different days after inoculation in experiment 
8 are presented in Tables 46 and 4?, respectively. There was 
a significant difference at P = 0.01 among cultivars for spore 
yield/pustule of P. coronata race 321 for 9, 11, and 15 days 
after inoculation and at P = 0.05 for I3 and I9 days after 
inoculation. C649 had the highest spore yield/pustule for 9 
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Table 44. Cumulative spore yield (mg/10 leaves) of Puccinia 
coronata race 321 on primary leaves of six oat 
cultivars in experiment 8^ 
Days after inoculation 
Cultivar 9 11 13 15 17 19 21 
C649 3.9 12.3 27.1 41.4 53.2 61,6 69.9 
Red 
Rustproof-14 1.1 5.0 12.9 24.6 35.3 44.7 54.3 
Grundy 1.6 4.8 11.3 20.2 29.0 38.0 47.1 
Markton 2.3 8.0 19.6 34.0 46.3 58.1 68.0 
Cherokee 1.6 6.2 15.6 27.8 37.8 47.1 54.9 
Otter 1.5 4.4 11.8 23.0 34.0 43.6 53.2 
^Data are the averages of three replications. 
days after inoculation, Cherokee for 11 and 13 days, and Red 
Rustproof-14 for the other days. Grundy had the lowest for 9, 
13, and 15 days, Otter for 11 days, and C649 for 17, 19, and 
21 days. 
Cumulative spore yield (p.g/pustule) and analyses of vari­
ance for cumulative spore yield for different days after inocu­
lation in experiment 8 are presented in Tables 48 and 49, re­
spectively. Cumulative spore yield for each cultivar is 
plotted in Figure 6. There was a significant difference at 
P = 0.05 or P = 0.01 among cultivars for cumulative spore 
yield/pustule of P. coronata race 321 for all collection times. 
C649 had the highest cumulative spore yield/pustule for 9 and 
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Table 45. Analyses of variance for cumulative spore yield 
(mg/10 leaves) of Puccinia coronata race 321 for 
different days after inoculation in experiment 8 
Source d.f. M.S. F 
9 days 
Cultivars 5 3.11 7.99** 
Rep 2 0.74 1.90 
Error 10 0.39 
11 days 
Cultivars 5 27.25 13.15** 
Rep 2 5.66 2.73 
Error 10 2.07 
13 days 
Cultivars 5 111.27 12.20** 
Rep 2 11.63 1.28 
Error 10 9.12 
15 days 
Cultivars 5 187.20 9.74** 
Rep 2 4.56 0.24 
Error 10 I9.23 
17 days 
Cultivars 5 237.15 7.14** 
Rep 2 5.56 0.17 
Error 10 33.23 
19 days 
Cultivars 5 247.75 5.14* 
Rep 2 9.76 0.20 
Error 10 48.22 
21 days 
Cultivars 5 244.27 4.27* 
Rep 2 8.89 0.16 
Error 10 57.18 
•Significant at P = 0.05. 
••Significant at P = 0.01. 
Figure 5* Cumulative spore yield (mg/10 leaves) of Puccinia 
coronata race 321 on primary leaves of six oat 












































Table 46. Spore yield (jig/pustule) of Puccini a coronata race 321 on primary 
leaves of six oat cultivars in experiment 
Days after inoculation^ 
Cultivar 9 11 13 15 17 19 21 
G 649 13.33 a 29.33 a 52.00 abc 51.33 c 42.00 b 29.67 b 29.67 b 
Red 
Rustproof-l4 8.33 b 28.67 a 57.33 ab 85.00 a 76.67 a 67.33 a 69.00 a 
Grundy 7.67 b 16.33 b 33.67 c 45.67 c 45.00 b 46.00 ab 46.67 ab 
Markton 11.67 a 30.67 a 61.33 a 77.33 ab 68.33 ab 64.67 a 57.00 ab 
Cherokee 10.67 ab 31.00 a 64.00 a 82.00 a 67.33 ab 62.33 a 52.67 ab 
Otter 8.00 b 15.67 b 39.00 be 60.67 be 59.00 ab 52.00 a 52.00 ab 
^Data are averages of three replications. 
^Letters indicate significant differences. Data for a given day after inocula­
tion which are followed by the same letter do not differ from each other at P = 0.05 
(Duncan's multiple range test). 
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Table 4?. Analyses of variance for spore yield ((i&/pu8tule) 
of Puccinia coronata race 321 for different days 
after inoculation in experiment 8 
Source d.f. M.S. F 
9 days 
Cultivars 5 15-92 6.15** 
Rep 2 8.72 3-37 
Error 10 2.59 
11 days 
Cultivars 5 157.26 6.61** 
Rep 2 203.72 8.56** 
Error 10 23.79 
13 days 
Cultivars 5 456.62 3.87* 
Rep 2 210.39 1.78 
Error 10 II7.92 
15 days 
Cultivars 5 837.87 7.71** 
Rep 2 842.00 7.75** 
Error 10 108.67 
17 days 
Cultivars 5 570.32 3.15 
Rep 2 641.56 3-54 
Error 10 181.09 
19 days 
Cultivars 5 612.27 4.96* 
Rep 2 253.17 2.05 
Error 10 123.43 
21 days 
Cultivars 5 502.50 2.50 
Rep 2 535.17 2.66 
Error 10 201.37 
•Significant at P = 0,05. 
••Significant at P = 0.01. 
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Table 48. Cumulative spore yield (|ig/pustule) of Puccinia 
coronata race 321 on primary leaves of six oat 
cultivars in experiment 8^ 
Days after inoculation 
Cultivar 9 11 13 15 17 19 21 
C649 13 43 95 146 188 218 247 
Red 
Rustproof-14 8 37 94 179 256 323 392 
Grundy 8 24 58 103 148 194 241 
Markton 12 42 104 181 249 314 371 
Cherokee 11 42 106 188 255 317 370 
Otter 8 24 63 123 182 234 286 
®Data are averages of three replications. 
11 days, Cherokee for 13 and 15 days, and Red Rustproof-l4 
for 17, 19» and 21 days. Grundy was always the lowest or tied 
with the lowest. Otter started out relatively low and then 
increased while C649 started out relatively high and then 
decreased. In terms of final cumulative spore yield/pustule, 
Red Rustproof-14 yielded highest, Markton and Cherokee "were" 
second, Otter was next, and C649 and Grundy yielded fewest. 
The number of pustules/leaf and area/pustule for experi­
ments 7 and 8 are presented in Tables 50 and 51, respectively. 
Analyses of variance for number of pustules/leaf and area/ 
pustule in experiments 7 and 8 are shown in Table 52. The 
total pustule area/leaf (number of pustules/leaf x area/ 
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Table 4-9. Analyses of variance for cumulative spore yield 
(p,g/pustule) of Puccinia coronata race 321 for 
different days after inoculation in experiment 8 
Source d.f. M.S. F 
9 days 
Cultivars 5 15*92 6.15** 
Rep 2 8.72 3.37 
Error 10 2.59 
11 days 
Cultivars 5 246.09 7.13** 
Rep 2 296.72 8.60** 
Error 10 34.52 
13 days 
Cultivars 5 1,313.69 5.02* 
Rep 2 916.22 3.50 
Error 10 261.56 
15 days 
Cultivars 5 3,644.36 5.91** 
Rep 2 3,014.89 4.89* 
Error 10 616.29 
17 days 
Cultivars 5 6,408.10 4.81* 
Rep 2 6,434.67 4.83* 
Error 10 1,331.67 
19 days 
Cultivars 5 10,018.23 4.89* 
Rep 2 9,210.50 4.50* 
Error 10 2,048.63 
21 days 
Cultivars 5 13,778.40 4.27* 
Rep 2 13,548.17 4.20* 
Error 10 3,227.77 
*Significant at P = 0.05. 
**Significant at P = 0.01. 
Figure 6. Cumulative spore yield (li^pustule) of Puccinia 
coronata race 321 on primary leaves of six oat 
cultivars for different days after inoculation 
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Table 50. Mean numbers of pustules/leaf and mean area/ 
pustule (mm2) of Puccinia coronata race 264B on 







C649 32 a Cherokee 0.31 a 
Red Rustproof-1^ 27 ab C649 0.26 ab 
Markton 26 ab Red Rustproof-l4 0.25 b 
Cherokee 24 b Markton 0.24 b 
Grundy 23 b Grundy 0.23 b 
Portage 23 b Portage 0.17 c 
^Data are averages of three replications. 
^Letters indicate significant differences. Data followed 
by the same letter do not differ from each other at P = 0.05 
(Duncan's multiple range test). 
pustule) of P. coronata races 264B and 321 in experiments 7 
and 8, respectively, is presented in Table 53* 
There w^ no significant difference among cultivars for 
the number of pustules/leaf of P. coronata race 264B in ex­
periment 7» but there was a significant difference at P = 
0.01 for area/pustule. C649 had the most pustules and 
Cherokee had the largest pustules while Grundy and Portage 
had the fewest pustules and Portage had the smallest. 
There was a significant difference at P = 0.01 among cul­
tivars for the number of pustules/leaf of P. coronata race 321 
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Table 51* Mean nimbers of pustules/leaf and mean area/ 
pustule (mm2) of-Puccinia coronata race 321 on 







C649 29 a Red Rustproof-l4 0.31 a 
Markton 20 b C649 0.28 ab 
Grundy 20 b Cherokee 0.24 abc 
Otter 19 b Markton 0.20 be 
Cherokee 15 b Otter 0.15 c 
Red Rustproof-14 14 b Grundy 0.14 c 
^Data are averages of three replications. 
^Letters indicate significant differences. Data followed 
by the same letter do not differ from each other at P = 0.05 
(Duncan's multiple range test). 
in experiment 8 and at P = 0.05 for area/pustule. 064? had 
the most pustules and Red Rustproof-l4 had the largest pustules 
while Red Rustproof-l4 had the fewest pustules and Otter and 
Grundy had the smallest. 
C649 had the most total pustule area/leaf in experiments 
7 and 8. Portage had the least in experiment 7 while Otter 
and Grundy had the least in experiment 8. 
In experiment 7 there was a significant positive correla­
tion between area/pustule and total pustule area/leaf (0.85) 
and a significant negative correlation between pustules/leaf 
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Table 52. Analyses of variance for numbers of pustules/leaf 
and area/pustule of Puccinia coronata in experi­
ments 7 and 8 
Source d.f. M.S. F 
Exp. 7 - pustules/leaf 
Cultivars 5 32.10 2.10 
Rep 2 94.50 6.18^ 
Error 10 15.30 
Exp. 7 - area/pustule 
0,0068 Cultivars 5 7.25** 
Rep 2 0.0105 11.05** 
Error 10 0.0009 
Exp. 8 - pustules/leaf 
Cultivars 5 84.89 5.66** 
Rep 2 71.06 4.74* 
Error 10 14.99 
Exp. 8 - area/pustule 
Cultivars 5 0.014 4.67* 
Rep 2 0.009 3.00 
Error 10 0.003 
•Significant at P = 0.05. 
••Significant at P = 0.01. 
and final cumulative spore yield/pustule (-0.86). Also, cul­
tivars with more pustules/leaf tended to have more total 
pustule area/leaf and higher 1975 final cumulative spore 
counts in field experiments. 
In experiment 8 cultivars with more pustules/leaf tended 
to have a lower final cumulative spore yield/pustule, more 
total pustule area/leaf, and higher 1975 final cumulative spore 
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Table 53* Total pustule area/leaf (number of pustules/leaf 
X area/pustule) of Puccinia coronata races 264B 
and 321 on primary leaves of six oat cultivars in 
experiments 7 and 8, respectively^ 
Experiment 7 Experiment 8 
Area/ Area/ 
leaf leaf 
Cultivar (mm2) Cultivar (mm2) 
0649 8.32 0649 8.12 
Cherokee 7.# Red Rustproof-l4 4.34 
Red Rustproof-l4 6.75 Markton 4.00 
Markton 6.24 Cherokee 3.60 
Grundy 5.29 Otter 2.85 
Portage 3.91 Grundy 2.80 
^Data are averages of three replications. 
counts. Cultivars with more total pustule area/leaf tended 
to have a higher final cumulative spore yield/leaf and higher 
1975 final cumulative spore counts. Also, cultivars with a 
higher final cumulative spore yield/pustule tended to have 
lower 1975 final cumulative spore counts. 
Latent period (experiments 1^, 12, and 12) 
The latent period in days and analyses of variance for 
experiments 9» 10, 11, and 12 are presented in Tables ^ 4 and 
55» respectively. There was a significant difference at 
P = 0.05 among cultivars in experiment 10 for latent period. 
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Table 5^» Latent period (days) of Puccinia coronata races 
264b and 321 on primary and flag leaves of oat 
cultivars in experiments 9» 10, 11, and 12^ 
Primary leaves Flag leaves 
Cultivar Race 264B Race 321 Race 264B Race 321 
C649 7.5 7.3 9.3 8.5 
C237-89IV 7.7 7.4 8.0 8.1 
Nodaway 70 7.8 7.5 9.2 8.7 
Otee 7.5 7.8 8.6 8.9 
Cherokee 7.8 7.5 9.2 8.0 
Grundy 7.8 7.5 8.4 9.3 
Otter 8.1 7.4 9.1 8.1 
O'Brien 7.7 8.2 8.9 9.3 
Portage 8.0 - 9.6 -
Red Ru8tproof-l4 7.9 7.5 - -
Burt 8.0 7.7 8.3 8.0 
Fulghum 7.7 7.6 7.5 7.6 
Markton 7.7 7.4 8.3 7.8 
Richland 7.7 7.6 7.9 8.3 
X122-12 7.6 7.4 9.2 8.0 
Pettis 8.1 7.6 8.3 8.3 
Andrew 7.9 7.6 8.4 7.6 
Appier 8.1 7.6 - -
C237-89111 7.8 7.5 7.6 9.0 
Clinton 7.8 7.5 7.7 7.8 
Stout 7.9 - 10.0 -
Bonkee 8.1 7.7 9.2 8.5 
^Data are averages of two replications. 
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Table 55- Analyses of variance for the latent period of 
Pucc^ia coronata races 264B and 321 on primary 
and flag leaves of oat ciiltivars in experiments 
9, 10, 11, and 12 




































^Significant at P = 0.05. 
but no significant difference was found in the other three 
experiments. The latent period ranged from 7.5-8.1 days in 
experiment 9, 7*3-8.2 days in experiment 10, 7.5-10.0 days 
in experiment 11, and 7.6-9*3 days in experiment 12. Flag 
leaves showed a greater range in latent period than primary 
leaves. C649, the susceptible check in my field experiments, 
had the shortest latent period in the seedling stage (experi­
ments 9 and 10), but not in the adult plant stage (experiments 
11 and 12). O'Brien had the longest latent period in the 
seedling stage to race 321 (experiment 10), Stout and Portage 
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had the longest latent period in the adult plant stage to 
race 264B (experiment 11) and they were resistant to race 321 
(experiments 10 and 12) while Pul^um had the shortest latent 
period in the adult stage to both races (experiments 11 and 
12). There was no correlation "between 1975 final cumulative 
spore counts and latent period in the seedling or adult stages 
although low spore counts on Portage may be partly due to its 
longer latent period while high spore counts on C649 may be 
due to its shorter latent period. Also, there was no correla­
tion between latent periods in the seedling and adult stages 
for either race 264B or 321. 
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DISCUSSION 
Tolerance can be viewed in several ways. One view is that 
of "absolute tolerance" in which a cultivar must support the 
same amount of the pathogen as the most susceptible cultivar 
of that species but yield significantly better. A more logical 
and practical concept is of "true tolerance" in which a culti­
var must have a susceptible infection type and support the 
same amount of the pathogen as another cultivar "but have sig­
nificantly "better yield and quality, or it must have the same 
yield and quality as another cultivar but support significantly 
more of the pathogen. Thus, a cultivar can be said to have 
tolerance when compared to one cultivar but to have moderate 
resistance or slow rusting when compared to another as in the 
work of Clifford (11). In the strictest sense, a cultivar with 
true tolerance does not have to have a susceptible infection 
type as long as it endures the same amount of the pathogen as 
another cultivar but has better yield and quality. For prac­
tical purposes, however, one does not need to test a plant for 
tolerance if it has a resistant infection type, even if there 
is some reproduction of the pathogen, because the cultivar 
will be useful in a breeding program on the basis of its re­
sistance. Of course, if a cultivar with a susceptible infec­
tion type has a greatly reduced number of lesions that is 
visually discernible, one probably can say that it has moder­
ate resistance without subjecting it to yield and quality tests 
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to determine ratios between diseased and healthy plots. In 
cases where the moderate resistance is not so apparent 
visually, tests of host yield and quality and pathogen yield 
will have to be made to determine whether the cultivar has 
resistance or tolerance. 
One purpose of my epidemiological study was to determine 
if so-called tolerant oat cultivars are really tolerant to P. 
coronata or if they yield better than nontolerant cultivars 
because they support less development of the pathogen. The 
study was done primarily by comparing final cumulative spore 
counts of the pathogen with yield and kernel weight ratios of 
the host. Yield and kernel weight can be compared directly 
with spore counts if one is working with isolines or cul­
tivars that have similar yield and kernel weight potential 
under disease-free conditions. In my case, however, it was 
better to look at yield and kernel weight ratios because of the 
wide variation in yield and kernel weight potential. 
Otter may have some tolerance when compared to Cherokee 
because both had essentially the same yield and kernel weight 
ratios in 1975 (Table 11), but Otter had a higher 1975 final 
cumulative spore count than Cherokee (Table 4). Otee may have 
some tolerance when compared to C237-89IV because it produced 
more spores, but had higher ratios. Portage, Otter, and 
O'Brien had a yield ratio of 0.58 each although they had dif­
ferent final cumulative spore counts. On this basis alone, 
O'Brien could be considered the most tolerant of the three 
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because it produced the most spores. However, this trend is 
not evident when one considers kernel weight ratios because 
O'Brien, the cultivar with the most spores, had the lowest 
kernel weight ratio of the three while Portage, the cultivar 
with the fewest spores, had the highest kernel weight ratio. 
Since kernel weight is the main yield component affected hy 
crown rust in the Midwest (64), this shows that, in general, 
cultivars with more rust have lower kernel weight ratios. In 
fact, I found a significant negative correlation between 1975 
final cumulative spore counts and kernel weight ratios. 
All cultivars in my field experiments had susceptible-type 
pustules to all four races used with the exception of Portage, 
which was resistant to race 321, and X421-I, which was resis­
tant to all four races. This would exclude the possibility 
that "vertical resistance" was responsible for the lower spore 
counts on all pure line cultivars except X421-I. Even though 
some cultivars had some true tolerance when compared to other 
cultivars, the tolerance was not responsible for the lower 
spore counts. I conclude that the cultivars with lower spore 
counts in my field experiments, except X421-I, have slow rust­
ing or moderate resistance. 
Since the term slow rusting should be used only for rust 
diseases, it would be helpful to have another term that could 
be used for this phenomenon in all diseases. Browning et al. 
(5) proposed separate terms for genetic (specific and general) 
and epidemiologic (discriminatory and dilatory) concepts of 
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resistance (see Review of Literature). Because my study was 
an epidemiological one, I will characterize the cultivars I 
used only in terms of epidemiologic concepts of resistance. 
Thus, from my experiments with P. coronata races 264b and 
321, c649 has discriminatory susceptibility to races 264b and 
321 "because it had a high 1975 final cumulative spore count in 
the field (Table 4), and high numbers of pustules (Tables 19 
and 20), high cumulative spore yield/leaf (Tables 36 and 44), 
and a high total pustule area/leaf (Table 53) of both races in 
the greenhouse. Grundy has dilatory resistance to race 321 
as evidenced by its low spore yield (Tables 42, 44, 46, and 
48), small pustule size (Table 51)• and low total pustule area/ 
leaf (Table 53) of race 321 in the greenhouse, but discrimina­
tory susceptibility to race 264b as measured by its high spore 
count in the field, and high spore yield (Tables 34, 36, 38, 
and 4o), average pustule size (Table 52), and average total 
pustule area/leaf (Table 53) for race 264b in the greenhouse. 
Race 321 probably contributed little to the high 1975 final 
cumulative spore count (Table 4) of Grundy in the field. 
Nodaway 70 and Cherokee had relatively low spore counts in the 
field and low numbers of pustules/leaf (Tables 18, 19, and 20) 
of races 264b and 321 in the greenhouse, and probably have 
dilatory resistance to both races. If either cultivar had dis­
criminatory susceptibility to either race, I would expect the 
cultivar to have higher spore counts in the field, as in the 
case of Grundy. The spore yield, pustule size, and total 
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pustule area/leaf in the greenhouse were not as definitive 
here. x421-i has discriminatory resistance to races 264b and 
321 "because it does not produce spores of either race. Portage 
has discriminatory resistance to race 321 because it does not 
produce spores of this race, and dilatory resistance to race 
264b as measured by its low spore count in the field, and low 
numbers of pustules, low cumulative spore yield/leaf, average 
cumulative spore yield/pustule, small pustule size, and low 
total pustule area/leaf in the greenhouse. Portage was said 
to have moderate resistance by Heagle and Koore (24) and my 
results support this for race 264b. Otter, O'Brien, Otee, and 
C237-89IV have varying degrees of dilatory resistance to the 
two races judging by their moderate 1975 final cumulative spore 
counts. Although Multiline M73 and Multiline E74 have dilatory 
resistance as indicated by their low spore counts, the two 
cultivars are synthetic populations with some races increasing 
on some isolines and some on other isolines. Thus, the mul­
tilines combine the effects of both discriminatory and dilatory 
resistance. 
All cultivars in my field experiments had susceptible-type 
pustules to all four races used with the exception of Portage, 
which was resistant to race 321, and x421-i, which was resis­
tant to all four races. Thus, it is apparent that cultivars 
can be said to have some resistance even if they have a sus­
ceptible infection type as long as there is a significant re­
duction in pathogen development on the host plant. This re-
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auction could "be in terms of fewer lesions, smaller lesions, 
or fewer propagules, even if this cannot "be detected visually. 
Host yield and quality data would give an indication of it. 
With visual assessment, it may be necessary to make more 
than one disease reading per season to find the time when 
differences among cultivars are most easily seen. This is 
especially true for hill plots in which a susceptible spreader 
is inoculated. Thus, there is an abundance of inoculum and 
readings made later in the season may not show differences 
that were apparent visually earlier because the resistant cul-
tivar may seem to reach the same apparent level of rust devel­
opment later. With large plots, however, the rate of buildup 
is not so rapid on less susceptible cultivars. For example, 
the susceptible check (C649) in my field experiments had more 
visible disease, especially in 1976. 
Another indicator of resistance is the coefficient of in­
fection. The coefficient of infection has a negative correla­
tion with yield ratios because it is a better indicator of the 
amount of the pathogen present than either component (infection 
type or percentage of infection) alone (^3). Thus, without 
fairly precise measurements of host and pathogen yield, it is 
not possible to say whether a particular host is tolerant or 
resistant to a particular pathogen when there is a good amount 
of disease. However, less precise methods may cause a cultivar 
to be classified as tolerant when it is not. This would be the 
interim concept of tolerance (56) because later measurements 
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may show that it is resistant. In fact, it would be safer to 
assume that a cultivar is resistant if it has less yield re­
duction than another cultivar until more precise methods show 
that it is tolerant; true tolerance seems to be a rare 
phenomenon. 
Although r, the apparent infection rate, was correlated 
with 1975 final cumulative spore counts, it is not a perfect 
indicator of the amount of host resistance. Coumoyer (14) 
found a better correlation between spore counts and r with 
method A (r is the regression coefficient of the transformation 
X: 
log^ Y—Y » where X- = the average daily cumulative spore 
count for each cultivar and = the average final observed 
cumulative spore count for each cultivar), but I found the 
same correlation between spore counts and r with both methods 
A and B (the same as method A except that = the computer 
estimate of K for the average curve of the susceptible check) 
although the cultivars were ranked a little differently by the 
two methods. Coumoyer (14) concluded that r is a useful con­
cept in theory only. However, MacKenzie (39) and Sztejnberg 
and Wahl (68) said that r values probably can be used to select 
slow rusting cultivars. It seems to me that one should be able 
to use r values calculated by method B (74), along with other 
measures of resistance, to select cultivars with dilatory 
resistance. 
Tolerant cultivars should have r values similar to those 
of susceptible cultivars (56, 74). Thus, a population of host 
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plants can "be defined as having true tolerance if the plants 
have a susceptible infection type and an epidemic of the same 
magnitude as another population of host plants, hut it is 
damaged less by the epidemic. 
Another purpose of this research was to determine if, 
relative to dilatory resistance, there is a correlation between 
greenhouse and field characters. I have shown that there is 
not necessarily any relationship between resistance and the 
amount of appressorial formation or penetration (Tables 30 and 
31) because Portage, which is resistant to race 321, had as 
high or higher numbers of appressoria and penetrations as more 
susceptible cultivars. Others have found that there is no dif­
ference between resistant and susceptible cultivars until after 
penetration. Some of this may be qualitative. For example, 
some earlier studies, such as that of Ruttie and Fraser (5^) 
who found no difference between resistant and susceptible oat 
cultivars until after penetration by Puccinia coronata, were 
not done quantitatively or on a percentage basis. Other 
studies on various pathogens such as P. praminis tritici (59)> 
P. graminis avenae (68), P. coronata (53i 65), P. hordei (12), 
P. helianthi (66), and Helminthosporium teres (30) showed that 
there is no significant difference in the amount of germina­
tion, appressorial formation, or penetration on resistant and 
susceptible cultivars. However, some studies have shown sig­
nificant differences in the amount of penetration. These in­
clude P. coronata and P. graminis avenae on the oat cultivar 
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Garry (32, 33), P. coronata on the oat cultivar Portage (24)i 
and Phytophthora infestans on potatoes (20). Fewer penetra­
tions may be one mechanism for dilatory resistance. 
In most cases, resistance seems to begin manifesting it­
self only after the pathogen has penetrated the host. In 
studies with P. graminis, colony area as early as 48 hours 
after inoculation was related to infection type in resistant 
and susceptible wheat cultivars (45), growth of the pathogen 
was restricted inside the leaves of resistant barley cultivars 
96 hours after inoculation compared to susceptible ones (59), 
and slow rusting oat accessions showed shorter average colony 
length (68). With other pathogens there have been reports of 
slower hyphal growth (12, 20, 24, 30), fewer haustoria (19, 66), 
and longer latent periods (20, 48, 49, 50) in resistant than 
susceptible cultivars. However, Sztejnberg and Wahl (68) 
found latent period to be the same for all P. graminis avenae 
races on all A. sterilis lines tested. I found a wider range 
in latent period on adults than seedlings as did Parlevliet 
(48), but there was no correlation of resistance with a longer 
latent period. This would corroborate the finding by Parlev­
liet and van Ommeren (50) that some cultivars had higher re­
sistance than predicted from latent period and vice versa. 
With race 321 I found that there were more open pustules 
on the abaxial side of the leaf on most cultivars than on the 
adaxial side. This may have led to some error in determining 
the latent period since I only counted those on the adaxial 
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side. Perhaps pustules on "both sides of the leaf should have 
been counted and the total obtained (40). A lesion sporulating 
on both sides of the leaf would then be counted as two pustules. 
I found that the first pustules opened on primary leaves 
6 or 7 days after inoculation and primary pustules completed 
opening 9 or 10 days after inoculation, as did Mehta and Zadoks 
(40) for P. recondita. However, they were using only one cul-
tivar. Kochman and Brown (31) found that, for P. coronata, 
most pustules erupted on the same day, but they did not include 
slow rusting Garry in this test. However, with P. graminis 
avenae, Garry had a longer latent period. Ky results show that 
dilatory resistance is not necessarily associated with a longer 
latent period, although low spore counts in the field on 
Portage may be partly due to its longer latent period while 
high spore counts on C649 may be due to its shorter latent 
period. 
I found fewer pustules and less total pustule area/leaf 
in the greenhouse on cultivars with lower spore counts in the 
field. Others also have found resistance to be associated with 
fewer and/or smaller lesions (12, 30, 31, 32, 33, 4?, 59» 
60, 76). In general, smaller and fewer lesions would lead to 
fewer spores per lesion and per leaf. 
Inoculum concentration may play an important role in 
determining some mechanisms of resistance. Although their 
pustule numbers were unbelievably high (895/primary leaf for 
their highest concentration), Mehta and Zadoks (40), in their 
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study of P, recondita on wheat, found that pustule size was 
related to pustule density and that pustule number was related 
to the concentration of deposited spores. Also, they found 
that the highest sporulation per pustule per day was found with 
the lowest inoculum density. I did not find a correlation be­
tween pustule density and pustule size. Perhaps the pustules 
of race 321 on Red Rustproof-l4 were larger because they had 
more room to develop (Table 51)* However, in both experiments 
7 and 8, C6U-9 had fairly large pustules even though they were 
the most crowded (Tables 50 and 51)- % data were complicated 
by having cultivars with different amounts of resistance so 
that pustule density was not the same on all cultivars. This 
may have caused the more crowded pustules to produce fewer 
spores/pustule. On the other hand, cultivars with fewer 
pustules probably are more resistant. Resistance manifested 
in decreased pustule density resulting in more spores/pustule 
was difficult to separate from resistance manifested in fewer 
spores/pustule regardless of pustule density. Thus, cultivars 
with few large pustules with high spore yield/pustule could 
have the same total spore yield as cultivars with many small 
pustules with low spore yield/pustule. I did find that culti­
vars with more pustules tended to have a lower spore yield/ 
pustule. The most striking example of this was C649 which had 
the most pustules in experiments 7 and 8 (Tables 50 and 51)» 
but low spore yield/pustule after the first few collections 
(Tables 38, 40, 46, and 48). This was probably.due to crowding 
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of the pustules. However, total spore yield/leaf was high. 
Mehta and Zadoks (40) mentioned host injury caused by the 
cyclone spore collector. I also noted injury (probably of 
either the host or uredospore mother cell) because after the 
first few collections very few spores were collectable from 
the upper, adaxial side of the leaf while most of the spores 
were collected from the aluminum foil tray. The tray contained 
spores from the inaccessible abaxial side which had never been 
touched by the cyclone spore collector. 
Although greenhouse studies may not be indicative of field 
studies, there are reports that mechanisms such as reduced 
sporulation in the greenhouse are associated with resistance 
in the field (20, 24, 28, 60, 68). However, one should not 
expect all characteristics of resistance to be found on a 
single plant or cultivar. Resistance may be manifested in 
different ways by different genotypes and it may be possible 
to combine these into one genotype by breeding (5, 9, 20). 
I found that cultivars with lower spore counts in the 
field tended to have fewer pustules/leaf and less pustule 
area/leaf in the greenhouse. This may allow greenhouse selec­
tion of lines with dilatory resistance. Also, because of the 
high negative correlation between final cumulative spore counts 
and yield and kernel weight ratios, field selection of culti­
vars with dilatory resistance should be possible using hill 
plots. Yield from rusted plots, independently of ratios, also 
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should be considered because this indicates the yield for the 
grower under severe epidemic conditions while the yield ratio 
indicates the relative amount of resistance that might be use­
ful in a breeding program. Yield from sprayed plots indicates 
the yield potential. 
Simons (62, 63) found a high heritability value for 
"tolerance" and field resistance (adult plant resistance or 
dilatory resistance) using yield and kernel weight ratios from 
hill plots. I consider his two studies to be nearly identical 
because, from my study, "tolerant" cultivars with higher yield 
or kernel weight ratios generally had lower spore counts. Thus, 
the "tolerance" studied by Simons (62) is probably another 
manifestation of dilatory resistance, but it is not as readily 
apparent from visual assessment of disease as dilatory resis­
tance manifested in a resistant infection type or a much 
smaller number of pustules. That is why more precise methods 
of pathogen assessment, such as spore collection (28), in con­
junction with host yield and quality data, need to be used in 
determining if one cultivar has some tolerance when compared 
to another. Much of what has been called tolerance is dilatory 
resistance, but there is need to retain the concept of true 
tolerance. 
153 
SIMMARY AND CONCLUSIONS 
A cultivar has been defined as having true tolerance if 
it has a susceptible infection type and supports the same 
amount of the pathogen as another cultivar but has signifi­
cantly better yield and quality, or if it has the same yield 
and quality as another cultivar but supports significantly 
more of the pathogen. From the literature on tolerance of 
oats to crown rust, I concluded that some cultivars rated as 
tolerant actually had less rust than known susceptible culti­
vars even though the former had a susceptible infection type. 
One purpose of my epidemiological study was to determine if 
such so-called tolerant oat cultivars are really tolerant or if 
they yield better because they support less pathogen develop­
ment. 
My study was done primarily by comparing final cumulative 
spore counts of Puccini a coronata from large plots'with yiel-d and 
kernel weight ratios from rusted and sprayed"hill plots. The 
four races of the pathogen were chosen as being virulent but dis­
similar. The 12 oat cultivars were chosen to represent various 
types of resistance and tolerance, including a resistant check 
(X421-I), a susceptible check (C649), two multilines with popu­
lation resistance. Portage with moderate resistance, and lines 
(particularly Cherokee and Nodaway 70) reported as being toler­
ant. All cultivars in my field experiments had susceptible-
type pustules to all four races used with the exception of 
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Portage, which was resistant to race 321, and X421-I which 
was resistant to all four races. 
Another purpose was to determine if there is a correlation 
"between greenhouse and field characters as regards dilatory 
resistance to oat crown rust so that plant pathologists and 
breeders can select desirable lines at an earlier generation 
in the greenhouse, preferably in the seedling stage. Also, I 
wanted to clarify some concepts of resistance theory. 
From my studies I conclude: 
1. There were significant negative correlations between 
1975 final cumulative spore counts and yield and 
kernel weight ratios. 
2. Certain cultivars had some true tolerance when com­
pared to other cultivars, but the tolerance was not 
responsible for the lower spore counts of the culti­
vars I characterized. Otter may have some tolerance 
when compared to Cherokee; both had essentially the 
same yield and kernel weight ratios in 1975» but Otter 
had a higher 1975 final cumulative spore count than 
Cherokee. Otee may have some tolerance when compared 
to C237-89IV; it produced more spores, but it had 
higher ratios. Portage, Otter, and O'Brien had a 
yield ratio of 0.58 although they had different final 
cumulative spore counts. On this basis alone, O'Brien 
could be considered the most tolerant of the three be­
cause it produced the most spores. However, this 
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trend is not evident when one considers kernel weight 
ratios "because O'Brien, the cultivar with the most 
spores, had the lowest kernel weight ratio of the 
three while Portage, the cultivar with the fewest 
spores, had the highest kernel weignt ratio. 
Cultivars can be said to have some resistance even if 
they have a susceptible infection type as long as 
there is a significant reduction in pathogen develop­
ment on the host plant. This reduction could be in 
terms of fewer lesions, smaller lesions, or fewer 
propagules, even if this cannot be detected visually. 
Host yield and quality data would give an indication 
of it. 
A population of host plants is defined as having 
discriminatory resistance or susceptibility if 
it affects the epidemic by discriminating among 
strains, i.e., by favoring or rejecting certain 
components of the pathogen population. A popu­
lation of host plants is defined as having dila­
tory resistance if it affects the epidemic by 
reducing the rate of development of the pathogen 
population (5). 
Of the cultivars I characterized, C6^•S has discrimina­
tory susceptibility to races 264B and 3215 it had a 
high 1975 final cumulative spore count in the field, 
and high numbers of pustules, high cumulative spore 
yield/leaf, and a high total pustule area/leaf of both 
races in the greenhouse. Grundy has dilatory resis­
tance to race 321 as evidenced by its low spore yield, 
small pustule size, and low total pustule area/leaf 
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of race 321 in the greenhouse; but discriminatory 
susceptibility to race 264B as measured by its high 
spore count in the field, and high spore yield, aver­
age pustule size, and average total pustule area/leaf 
for race 264B in the greenhouse. Nodaway 70 and 
Cherokee had relatively low spore counts in the field 
and low numbers of pustules/leaf of races 264# and 321 
in the greenhouse; they probably have dilatory resis­
tance to both races. X421-I has discriminatory re­
sistance to races 264B and 321; neither reproduces on 
it. Portage has discriminatory resistance to race 321 
because this race does not reproduce on it ; it has dila­
tory resistance to race 264B as measured by its low 
spore count in the field, and low numbers of pustules, 
low cumulative spore yield/leaf, average cumulative 
spore yield/pustule, small pustule size, and low total 
pustule area/leaf in the greenhouse. Otter, O'Brien, 
Otee, and C237-89IV have varying degrees of dilatory 
resistance to races 264B and 321 judging by their 
moderate 1975 final cumulative spore counts. Multi­
line M73 and Multiline E74 have dilatory resistance as 
indicated by their low spore counts. 
5. With visual assessment, it may be necessary to make 
more than one disease reading per season to find the 
time when differences among cultivars are most easily 
seen. In fact, it would be safer to assume that a 
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cultivar is resistant if it has less yield reduction 
than another cultivar until more precise methods show 
that it is tolerant; true tolerance seems to be a 
rare phenomenon. 
6. One should be able to use r values along with other 
measures of resistance to select cultivars with dila­
tory resistance. Tolerant cultivars should have r 
values similar to those of susceptible cultivars. 
7. There were significant positive correlations between 
1975 final cumulative spore counts and pustules/leaf. 
8. There were very few significant differences among cul­
tivars for numbers of appressoria and penetrations on 
primary leaves. Portage is resistant to race 321. but 
it had higher numbers of appressoria and penetrations. 
Thus, resistance is not necessarily associated with 
reduced appressorial formation or penetration. 
9. With race 264B in the greenhouse, there was a signifi­
cant positive correlation between area/pustule and 
total pustule area/leaf, and a significant negative 
correlation between pustules/leaf and final cumulative 
spore yield/pustule. Also, cultivars with more pus­
tules/leaf tended to have more total pustule area/leaf 
and higher 1975 final cumulative spore counts in field 
experiments. With race 321 in the greenhouse, culti­
vars with more pustules/leaf tended to have a lower 
final cumulative spore yield/pustule, more total 
pustule area/leaf and higher 1975 final cumulative 
spore counts. Cultivars with more total pustule area/ 
leaf tended to have a higher final cumulative spore 
yield/leaf and higher 1975 final cumulative spore 
counts. Also, cultivars with a higher final cumula­
tive spore yield/pustule tended to have lower 1975 
final cumulative spore counts. 
10. There was no correlation between 1975 final cumulative 
spore counts and latent period in the seedling or 
adult stages. Also, there was no correlation between 
latent periods in the seedling and adult stages for 
either race 264B or 321. There was a wider range in 
latent period on adults than seedlings. Thus, dila­
tory resistance is not necessarily associated with a 
longer latent period. 
11. One should not expect all characteristics of resis-
rance to be found on a single plant or cultivar. Re­
sistance may be manifested in different ways by dif­
ferent genotypes and it may be possible to combine 
these into one genotype by breeding. 
12. Cultivars with lower spore counts in the field tended 
to have fewer pustules/leaf and less pustule area/leaf 
in the greenhouse. This may allow greenhouse selec­
tion of lines with dilatory resistance. 
13- Because of the high negative correlation between final 
cumulative spore counts and yield and kernel weight 
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ratios, field selection of cultivars with dilatory 
resistance should be possible using hill plots. 
14. More precise methods of pathogen assessment, such as 
spore collection, in conjunction with host yield and 
quality data, need to be used in determining if one 
cultivar has some tolerance when compared to another 
cultivar. 
15. Much of what has been called tolerance is dilatory 
resistance, but there is need to retain the concept 
of true tolerance. 
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APPENDIX 
This is a copy of the program I used for fitting the 
cumulative spore counts from my 1975 field experiments to the 
logistic equation. 
// JOB ,MSGLEVEIr=(l,l) 
//S2 EXEC FORTGCLG,REGION.G0=96K,TIME.G0=(1,20) 
//FOBT.SYSIN DD * 
SUBROUTINE FUNCT(X,THETA,VAL,DEL,ISW,K,IP,EXPF) 

















IF (ISW.EQ.2) GO TO 2 
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DO 11 I-1,N 
READ (5,100) Y(I).(X(KK,I),KK=1,K) 
11 CONTINUE 
READ (5,100) (T0(I),I=1,IP) 
100 FORMAT (8F10.0) 
RETURN 
END 
//LKED.OBJ DD DSNAME=PR0G.U9330.TT,DISP=(SHR), 
// UNIT=DISK,VOLUME=SER=LIBPAK 
//LKED.SYSIN DD * 
INCLUDE OBJ(NL) 
ENTRY MAIN 
//GO.SYSIN DD • 
